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X-RAYING LARGEST STAINLESS 


STEEL “HOT” PUMP CASTING 


to engineer and manufacture nuclear prod- 


Above, technicians mark segment of cast- 
ing for one of many hundreds of X-ray 
pictures employing a 24,000,000 volt 
Betatron at the Bonney Floyd Foundry 


Below, X-ray picture is carefully in- 


spected for flaws 


Shown here is the largest single-piece stain- 
less steel pump casting built today. The 
X-ray procedure is just one of the many 
inspections necessary to assure the high 
quality in Worthington nuclear pumps 
Special designs were necessary to allow a 
single casting to be made for this size pump. 

A more complete discussion of special 
equipment c manufacturing 
techniques for nuclear requirements is 
available in a Worthington pamphlet, 
“Manufacturing For a Nuclear Power 
Ask for RP-1092 


the special attention required 


Plant.” 


To provide 


ucts, Worthington has an Advanced Prod- 
ucts Division which specializes in pumps 
and other equipment for nuclear plants. 
For further information, write W orthington 
Corporation, Nuclear Department 106-7, 


Harrison, New Jersey 


WORTHINGTON 


PRODUCTS PROFIT 











Hold-down unit locks fuel element to lower grid plate. 
Another practical reactor development by BaW. 


Most reactors call for a spring mech- 
anism to keep fuel elements in place, 
yet allow for thermal expansion. 
Babcock & Wilcox engineers re- 
cently conceived a basic improve- 
ment in this system. By locking the 
fuel elements into the lower grid 
plate, the “bottom hold-down unit” 


permits the elements to withstand 


an increased amount of pressure 
drop and reduced compression load. 


The unique hold-down unit as- 
sures positive removal of fuel ele- 
ments after extended reactor oper- 
ation under adverse conditions. All 
moving parts are attached to the 
fuel element, eliminating compli- 
cated replacement problems. 

The hold-down unit also cuts the 
cost of core internals. A full-scale 
reactor requires only one hold-down 
unit for every two fuel elements. 


The bottom hold-down unit, an- 
other practical engineering feature 
developed in the nuclear labora- 
tories of B&W, can be adapted to 
many core designs and configura- 
tions. For information write to The 
Babcock & Wilcox Company, 161 
East 42nd Street, New York 17, 
New York. E-701-1002 


Babcock & Wilcox 








CAPABILITIES 


.. the conservative word for pees qagesttios at tong tips with fully extended 
m tube: 


Central Research Laboratories Dalie-Seh ponds 
Z motion—100 pounds 


Model D rugged -d uty elevation rotation—50 pound feet 


azimuth rotation—50 pound feet 


Master-slave Manipulator Brice resins cepacity—100 pounds 


FEATURES— 


The Model D manipulator is a very rugged 
modification of the Model 8—a well-known 
and widely-used manipulator designed and 
first manufactured by Central Research. 
Unique new features of the Model D in- 
clude: a new wrist joint with sturdy stainless 
steel gears and a twofold increase in gear 
ratio; stainless steel boom and counterweight 
tubes; high-capacity boom-tube rollers; 
geared-up tape coupled azimuth rotation 
drive; center-supported pulley shafts; a mech- 
anical, automatically shifting dual-ratio tong- 
squeeze drive; protected slave-end tapes. 


INTERCHANGEABILITY 


In general, the Model D is dimensionally 
interchangeable with a standard Model 8 
manipulator with no alteration in mounting 
arrangement of existing or planned installa- 
tions. The Model D offers greatly increased 
reliability and scope in rough-service hot- 
cell operations with no significant loss of 
dexterity for performing delicate operations. 


COMPARE—THEN SPECIFY 
CENTRAL RESEARCH MANIPULATORS 
FOR EVERY NEED 


Model 7 
Restricted Space 
Installations 


























Model 8 L 
Standard For Thru-Wall Modei B 
Jastallations Canali Manipulator 


For further information write: Venta Keak 


laboratories, inc. 
Red Wing, Minnesota, Dept. 116 
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...about NUCLEONICS 


Saw You at Chicago 


Five of us editors were happy to 
meet and talk to many of you readers 
during Atomic-Industrial-Forum-and- 
American-Nuclear-Society week at Chi- 
cago. Still—a lot of you (and many 
of us) were tending store back home; 
you can’t just shut down nuclear opera- 
tions on a world-wide scale and take off 
for the lake shore. What’s more 
important: the 72,000 readers of 
NUCLEONICS (we figure 3.6 readers per 
copy) would probably strain even 
Chicago at the seams if we all showed 
up there at once. So we want to tell 
the few thousand who weren’t there 
about the NucLEoNIcs booth. 

Central attraction was our NU- 
CLEONICS WEEK teletype receiver ring- 
ing its bells and spewing out news of 
the nuciear world. We wanted you all 
to see that our McGraw-Hill World 
News organization (look at the mast- 
head to the left) is at work all the time 
to gather the material that makes 
NUCLEONICS News of the Month once 
a month and NUCLEONICS WEEK every 
week. Delegates to the show enjoyed 
reading of the Aerojet-General Nucle- 
onics reorganization on teletype just 
before the “announcement”’ party. 


Reprints and Microcards 


If you watch the fine print, you may 
have noticed our offer of our NU- 
CLEONICcS Special Report on Radiation 
Chemistry (October, 1961) on a Micro- 
card (the word is a registered trade- 
mark of The Microcard Corp., West 
Salem, Wis.). We used the offer to 
see how many readers are interested 
in this kind of reproduction and have 
been gratified to find that several are. 
Thus we intend to make available some 


of our special features—Data Sheets, 
Reactors-on-the-Line foldouts, Refer- 
ence Data Issues—on future Micro- 
cards. Let us hear what you would 
like to see. 

Of course if really go for 
NUCLEONIcs in this form, you may 
want to write to the J. S. Canner Co. 
(618 Parker St., Boston, Roxbury 20, 
Mass.), which offers complete Micro- 
card volumes for the years 1947-1956. 

That’s not the only way to get back 
copies. The Johnson Reprint Corp. 
(111 Fifth Ave., N. Y. 3, N. Y.) has 
a contract under which they reprint 
and bind NucLeonics. We also send 
them unused copies of back issues; so 
when other supplies fail, Johnson 
Reprint has either the back copies 
that readers ask for or reprints of them. 


you 


Write for Your Index 

And speaking about back copies of 
NUCLEONICS, where is the index that 
always appears at the end of the 
December NuUCLEONICS? It’s not there 
this year; we saved the pages it would 
occupy so that we could give you more 
pages in the regular editorial section. 
But we do want you to have an index 
if you have use for it. Just write to 
us and ask for it. 

The 1961 index is in preparation and 
will be printed in a form appropriate 
for storing or binding with your issues. 
As in the past, it will have both subject 
and author sections, and it will list all 
of the regular editorial matter of the 
magazine: articles, news stories, staff- 
written items. 

We will send it free to anyone who 
asks, 
above all, don’t let your library bind 
the volume without first getting the 
index to bind with their issues. 


So send for your copy, and 
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MARTIN NUCLEAR ROCKET PROGRAM 


e REACTOR DESIGN 

e PROPULSION REACTOR START-UP 

e NUCLEAR ROCKET SAFETY ANALYSIS 

e RADIATION EFFECTS ON ROCKET SYSTEM 
e FUEL ELEMENT DEVELOPMENT 

e VEHICLE DESIGN 

e CRYOGENICS 
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SAFETY ASPECTS OF NUCLEAR ROCKET FLIGHT TESTING 


Safety is one of the many areas receiving contin- 
uous attention in the U. S. nuclear rocket program. 
Tests must be conducted to obtain data, to develop 
safety systems, and to demonstrate safety. 


During the past several years, Martin has gained 
valuable experience in the safety field through its 
investigations and tests concerning the use of 
radioisotope-fueled generators for auxiliary power 
in space. Analytical investigations of nuclear 
rocket safety conducted by the company under the 
RIFT (Reactor in Flight Test) program for the 
National Aeronautics and Space Administration 
are being continued. The U. S. Atomic Energy 
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Commission's SNAP program, under which The 
Martin Company developed the radioisotope-fueled 
generator that powers two radio transmitters in 
a Transit satellite, involved exhaustive safety 
studies and tests. This was the first use of atomic 
energy in a space vehicle. Experience in computer 
analysis of booster behavior, flight test of large 
boosters (VIKING, VANGUARD, TITAN and PER- 
SHING) at Cape Canaveral, re-entry, system 
integration, missile test range control and rocket 
destruct systems, as well as extensive experience 
in nuclear technology, has been invaluable in the 
development of technical capabilities and facilities 
required for these investigations. 
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Isotope Dilution for Wastes 
Dear Sir: 


About ten years ago I came up with 
some ideas on waste disposal and have 
discussed them on and off with the 
AEC during that time. 
has recently been most gratifying. I 


Their response 


would be interested to hear any com- 
ments from NUCLEONICS readers. 
Almost all methods that have been 
suggested or explored to concentrate 
particu- 
larly those of fuel-reprocessing plants 
have the common weakness that they 


waste streams 


| become less effective as the solution be- 


comes more dilute. Since decontami- 


| nation factors as high as 10° are desir- 


able and frequently necessary, the 
effort to remove final traces consumes a 
major fraction of the cost of the process. 

The only methods that do not lose 
their effectiveness at the trace-concen- 
tration level are foam separation and 
solvent extraction. Until a wide range 
of foaming-complexing systems is de- 
veloped, however, the use of foam 
separation will be limited to a few 
selected radionuclides in a few specific 
waste streams. Solvent extraction also 
has chemical limitations, particularly 
with respect to alkali metals. An ap- 
proach based on isotopic dilution, how- 
ever, appears to overcome both short- 
comings. The cost of removing the 


last traces would be sharply reduced 


and the entire range of separations 
| chemistry could be applied to the de- 
sign of a waste concentration system. 


Consider this example. The con- 
centration of Sr®? in the waste stream 


of a typical processing plant is 107° 
gram-formula 
solute per 1,000 ml of 
To purify the waste so that 


formal (number of 
weights of 
solution). 

it can be discharged from the plant 
site, the Sr® must be reduced by 10°. 
Thus if a precipitant is added that 
brings down 99% of the strontium, the 
filtrate will still require further decon- 
tamination. Merely feeding the fil- 
trate to a second stage and adding 
more precipitant will, under practical 
conditions, precipitate only a trivial 
fraction of the remaining Sr*°. How- 
ever, if the total strontium concentra- 
tion is restored to 10-* formal by adding 
a salt of natural inactive strontium, one 
can precipitate 99% of the total 
strontium in the second stage, thus re- 
ducing the Sr*® by another factor of 
100. Using this approach, one should 
be able to reduce the Sr* to a tolerable 
level at the output of the fourth stage. 

Still limiting our attention to the 
problem of removing Sr®°, we can point 
out two potential disadvantages: 

1. The cost of strontium salts, al- 
though small, is not negligible. The 
cost of the isotopic diluent, however, 
can be reduced to an insignificant 
amount by using cheap impure stron- 
tium salts. Indeed, in this specific 
case, it may be possible to use a com- 
mon calcium salt as a nonisotopic 
diluent or carrier for the trace quanti- 
ties of strontium. 

2. The mass of the strontium that 
must be stored is four times the mini- 
mum. This fact should increase the 
problems of shielding, shipping and 


storage. Precipitates from all but the 
£ | 
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first stage, however, are sharply re- 
duced in strontium content so that if 
they are kept apart from the carrier- 
free precipitate from the first stage, the 
shielding, shipping and storage prob- 
lems are not as serious as they might 
appear at first glance. It is also note- 
worthy that the precipitated strontium 
would be largely free of inert salts 
such as sodium nitrate) that make up 
the bulk of the solid concentrate from 
proposed waste-evaporation plants. 

As mentioned earlier, the method is 
not limited to precipitation. It can be 
applied to other extractive techniques 
in which concentration adjustment by 
isotopic dilution will improve the stage 
separation factor. 

Let us now consider the application 
of this method to a waste solution con- 
taining not just one radioactive nuclide 
but several. This is the situation one 
would face at a fuel-reprocessing plant 
or at a reactor installation that gener- 
ates large volumes of low-level waste. 
The ideal approach is to develop a sim- 
ple cascade using a single precipitant 
solution composed of a few inexpensive 
specific ingredients. A precipitate of 
all the radionuclides would be removed 
by filtration, centrifugation or froth 
flotation and a mixture of nonradio- 
active isotopic diluents would be added 
to the feed of each stage. Alterna- 
tively, the solution would be composed 
of substances that adjust the chemical 
conditions in the best way for efficient 
separation by some other extractive 
technique. 

At this point it is difficult to deter- 
mine whether or not this approach can 
be developed successfully and economi- 
cally. Its basic simplicity and versa- 
tility, however, indicate that it is 
potentially superior to any competitive 
methods investigated or developed to 
date 

| should point out that this method, 
which involves old, well known princi- 
ples of radiochemistry, has probably 
been considered independently by 
others. Indeed, looking at some of the 
scavenging techniques that have al- 
ready been employed in waste disposal, 
one might even say that the principles 
have been applied to some extent. 


Nevertheless, a detailed search of the | 
literature has not turned up a single | 


paper that suggests or evaluates this 
method as a general solution to waste 
treatment. We are planning a more 
extensive analysis of the merits of this 


approach. . 
JOSEPH SILVERMAN 
Department of Chemical Engineering 
University of Maryland 

College Park, Md. 
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ELECTROSTATIC GENERATORS 


Utilized Worldwide for Applications in: 


Nuclear Physics, Insulation Testing, 
Electron Microscopy, Mineral Separation, 
Electrostatic Precipitation 


Provide High-Voltage Power Supplies in a 
Wide Range of Models... Featuring: 

@ Essentially pure DC output 

@ Voltages to 600 KV, infinitely variable 

@ Current to 14 ma 
e 


Medium or High Stability, to 0.1% hr. 
drift 


Easily adjustable, closely regulated out- 
put voltages to .001% 


@ Simplified maintenance, long life 


Extreme safety: Low output capacitance, 
Minimal short-circuit & overload currents, 
Remote adjustment & shut down 


Write now for new Catalog 100 covering the com- 
plete line of Sames Electrostatic Generators. 


Cfames 


Dept. 212, 30 Broad St., New York 4, N.Y. 








MODEL 
8600 











On guard just in case! When trouble strikes, emergency action must be 
immediate. Contamination from acids, chemicals and other 
industrial caustics requires. first aid now... HAWS Decontam- 
ination Booths are your best stand-by protection against serious 
injury. MODEL 8600: Fiberglass decontamination booth; spray 
nozzles and eye/face wash activated by weight on treadle base. 


DECONTAMINATION BOOTH 


since 190? for complete catalog write 
HAWS DRINKING FAUCET COMPANY 1443 Fourth St., Berkeley 10, California 
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ON JULY 7, 1961, AMF ATOMICS’ PRESSURE 
TUBE REACTOR UNDERWENT SUCCESS- 
FUL CRITICAL TESTING. USING FUEL ELE- 
MENTS SEPARATELY ENCLOSED IN THEIR 
OWN PRESSURE VESSELS, THIS POOL RE- 

SEER. installation and critical ACTOR CAN ACHIEVE UP TO 40 MW POWER 

ees Pet took just 6 days AT FAR LESS THAN HALF THE COST OF ANY 
PRESENTLY KNOWN DESIGN. 


Since the first pool reactor built at Oak Ridge to operate 
in the KW range, four major improvements contributing 
to versatility and power of pool reactors have been'made. 
These culminated in the IRL (Industrial Reactor Labora- 
tories) which attains 5 MW and the 15 MW ASTRA re- 
actor in Austria, both built by AMF Atomics. 


0 experimental facilities were introduced into the core 
0 forced convection of water permitted MW ratings 

D a holdup tank was incorporated in the coolant system 
(IRL) to reduce water activity 

C a layer of demineralized water was introduced to re- 
duce surface activity (ASTRA) 


In an open pool, the coolant cannot be pressur- 
ized; nor are coolant flow rates beyond 10,000 
gpm practical. Further, coolant activation be- 

comes a problem at the 20 MW level. 


Yet, an open pool design has maximum inherent 
accessibility and versatility. 


In PTR, AMF Atomics has proved a way of main- 
taining accessibility and, at the same time, increas- 
ing power levels far beyond any presently known design. 


PTR: UP TO 40 MW POWER 

In the PTR concept, coolant and shielding fluids (water) 
are in separate systems, the former pressurized and 
flowing through individually encapsulated elements, the 
latter in a separate pool water loop that cools control 
blades and also provides a built-in mechanism to collect 
leakage from the pressurized coolant system should 
it occur. 


In addition to a unique arrangement in the core, PTR 
fuel elements differ markedly from standard. Tops of 
elements are sealed. Two-pass coolant flow is utilized 
in each element: coolant goes up through outside pass 
of each element, reverses and descends through the 
inner pass, all, of course, inside the element's pressure 
vessel. Thus, coolant flow rate is reduced. 


OTHER ADVANTAGES OF PTR 


PTR's prime advantage is power plus core accessibility at low cost. 
Here are others: 


1. Existing pool reactors can be converted with minimum coolant sys- 
tem modifications. Two-pass flow reduces capital cost of new coolant 
system. 


2. Fast flux irradiation space is provided in center of each element. 
Coolant temperature can be monitored element by element. 


3. Geometry of PTR fuel makes core adaptable for in-pile loops. 
4. Existing fuel element design is used. 


PTR is the first, new reactor core operated 
an existing installation: IRL, Plainsboro 


5. Design avoids expensive reactor pressure vessels. 
There are many other advantages, all equally significant. 


M 
Je AME ATOMICS A Division of 


American Machine and Foundry Company 
140 Greenwich Ave., Greenwich, Connecticut 


EXPERIENCE, PERFORMANCE...ACROSS THE BOARD, ACROSS THE WORLD 
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“I don’t know who you are. 
I don’t know your company. 
I don’t know your company’s product. 
I don’t know what your company stands for. 
I don’t know your company’s customers. 
I don’t know your company’s record. 
I don’t know your company’s reputation. 


Now—what was it you wanted to sell me?” 


MORAL: 
Sales start before your salesman calls—with business publication advertising. 
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PHYSICISTS 
SCIENTISTS 
HNGINEERS 


YOU HAVE AN OPEN INVITATION 
to investigate the personal and professional ramifications of becoming part 
of the Westinghouse Atomic Power Division consisting of the Nuclear 
Systems Group, the Atomic Power Department and the Westinghouse 
Testing Reactor, facilities dedicated to advancing the state of the art. It is 
our opinion that these facilities will be a positive force in the coming years. 


Immediately below are some of the many openings available: 


Metallurgists — Required to give specific consultative assistance on core 


and non-core materials to other engineers. Nuclear experience necessary. 


Senior Nuclear Designers — Three to five years experience in reactor 
nuclear design including use of modern digital computer codes. 


Nuclear Engineers — With background in nuclear reactors to undertake 
responsibilities for planning, test operations and analysis at a remote test site. 
Systems Analysts — Five to ten years experience in analysis of complex 
control systems response including non-linear elements. Knowledge of 
analog and digital computation techniques required. Nuclear reactor ex- 
perience desirable but not essential. 

Stress Analysts — Five to ten years experience in dynamic stress analysis 
including analysis of shock and vibration loading on flight weight type 
structures. 


If you qualify for any one of the above positions, 
write immediately to: 
Mr. C. S. Southard 
Westinghouse Atomic Power Division 
P.O. Box 55. Dept. AL-7 
Pittsburgh 30, Pa. 


Westinghouse 


FIRST IN ATOMIC POWER 
ATOMIC POWER DIVISION 


An Equal Opportunity Employer 
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ABSOLUTE FIREPROOF AIR FILTERS 


® Efficiency under industrial conditions 99.975 % 


on 0.3 micron size particles 


® Limited pressure drop 


® Large dust holding capacity 


@ INTERNATIONAL STANDARD MONOBLOC FILTERS 


@ CONTAINERS FOR FILTERING OF AIR CHARGED WITH RADIOACTIVE PARTICLES 


@ SPECIAL FILTERS FOR HOT CELLS 


pn 


nNuCeAal©re 


23 bd G. Clemenceau-Courbevoie (Seine) France 


U.S. and Canada Sales Office: Import et Service Corporation 
770 Lexington Avenue—New York 21, N.Y. 
Templeton 8-4340. 
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“Bob, the computer analysis 


says we should buy those parts 


instead of making them” 


NEW CAPITAL INVESTMENT PROGRAM 


Here’s a new IBM computer program that’s yours for the 
asking. Using the Investors Method (Rate of Return on 
Investment), it helps you evaluate—quickly, economically, 
uniformly—alternate proposals for spending your com- 
pany’s money. 

The program will help you solve problems like these: 
should you buy a new piece of equipment or keep the old 
one in repair; should you increase your manufacturing 
facilities; should you buy or make certain products; how 
should you spend your money for research to make the 
most profit? : 

These are only a few of the problems that the Capital 
Investment Program handles. All it takes is the Program 
and an IBM computer that accepts FORTRAN programming 
language. The low cost IBM 1620 Data Processing System 
is one such computer. 

The new Capital Investment Program is another of the 
many problem solving programs IBM offers you to help 
make your data processing system a more effective and 
more profitable tool for managing your business. 

Your local IBM Representative can give you complete 
details on this, as well as previously announced programs, 
which included Sales Forecasting, Materials Planning, In- 
ventory Management, Plant Scheduling, Work Dispatch- > 
ing, Operations Evaluation, Inventory Management Simu- 
lation, and many others. 


® 
DATA PROCESSING 





UNITED NUCLEAR 
C O Reagan tO OR 
where people, plants and performance make the difference 
where reactor knowledge and experience mean better fuel performance 
where proven performance in fuels. processing and production means better reactors. 


Inquiries regarding FUEL MATERIALS 0 FUEL ELEMENTS O FUEL ASSEMBLIES 

O CORES AND COMPONENTS O REACTORS O RESEARCH O DESIGN AND 

DEVELOPMENT are invited and will receive prompt attention. 

UNITED NUCEBAR 100 East 42nd St., New York 17,N.Y.,Phone:YUkon 6-4191 Cable: UNUCOR 
NEW HAVEN, CONN. * WHITE PLAINS, N.Y. * ST.LOUIS, MO. 


* WASHINGTON, D.C. 
16. 
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DOD Clears Ramjet for Engine Development, Ground Test 


In a development of both military and nuclear-industry significance, the 
Department of the Defense (DOD) has approved acceleration of nuclear- 
ramjet development by AEC and the Air Force. DOD decided late in 
October to proceed through ground test of this unmanned, airbreathing 


missile, which holds out the promise 
of becoming a revolutionary weap- 
ons system by giving the AF a capa- 
bility for delivering nuclear weapons 
at three times the speed of sound at 
ground level (NU, Aug. ’60, 24). 

Specifically DOD's decision gives 
the AF and AEC permission to de- 
velop an engine-type reactor (AEC), 
the engine itself (AF) and a vehicle 
configuration (also AF), then pro- 
ceed through ground test of engine 
and vehicle—all of which is scheduled 
for completion in 1964 at a cost of 
at least $200-million and probably 
closer to $300-million. Flight test of 
a nuclear ramjet will probably get its 
first serious consideration at the Penta- 
gon in two years, or as the budget for 
fiscal-year 1965 is being prepared and 
after AEC completes the already- 
scheduled tests of the engine-proto- 
type reactor, Tory IIC. 

As the program now stands it is 
four-phase, with the first phase almost 
complete: 

Phase 1. Feasibility of a ramjet 
reactor. This was demonstrated in 
large part by the successful tests of 
Tory IIA—first in May, then in a 
power series in late September and 
early October (NU, Nov. 61, 39). 
Tory IIA is being dismantled for 
examination of the fuel elements and 
other components. 

Phase 2. Construction and opera- 
tion of Tory IIC—now expected in 
spring or summer of 1963—including 
flight controls and other engine-type 
instrumentation. Major technical goal 
of IIC is sustained reactor operation 
at high temperatures (greater than 
3,000°F). “We just cannot be sure 
now that the reactor fuel elements 
wouldn't blow apart under such 
heat,” according to one government 
official. 

Phase 3. Construction and ground 
test of a prototype engine of oper- 
ational size and weight. DOD offi- 
cials expect this to entail a major test- 
facility construction program, pre- 
sumably at the Nevada Test Site. 

Phase 4. Flight test. This would 
come in 1965 or later. 
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Ramjet Funding, Management 
Spending for ramjet development, 
ee the current fiscal year, was 
still uncertain as of last month. How- 
ever, AEC’s current budget of $23- 
million was expected to rise to $50- 
million or more in fiscal 63; and the 
AF, which is spending only $7-million 
this year, has asked for $41-million 
for fiscal 63 and will probably get a 
substantial part of this, if not all. In 
approving acceleration of the pro- 
gram Harold Brown, assistant DOD 
secretary for research and engineering, 
left it up to the AF to decide how 
much money to make available, and 
the ramjet will have to compete with 
other high-priority systems in the ’63 


budget 

‘Also uncertain last month was man- 
agement of the accelerated program. 
Following abolishment last summer of 
the joint AF-AEC management under 
Brig. Gen. Irving L. Branch (NU, 
Oct. ’61, 20), each agency has been 
proceeding separately with its own 
responsibilities—AEC for reactor de- 


velopment, the AF for development 
of engine and vehicle. With the new 
urgency surrounding the —* a 
joint office may be reestablish 

In the meantime, Irving L. Hoffman 
is managing reactor development at 
AEC, under Frank Pittman, director 
of reactor development, and Nelson 
Sievering, assistant director for ad- 
vanced reactors, etc. At the AF the 
project has been assi to the Ad- 
vanced Technology office of Maj. Gen. 
M. C. Demler, who reports to the AF 
deputy chief-of-staff for research and 
technology; the present AF contracts 
with Ling-Temco-Vought (airframe 
studies and guidance system) and 
Marquardt Corp. (nozzle and engine- 
type components) are administered 
by the Aeronautical Systems Division, 
Wright-Patterson AF Base, Ohio. 

Brown's office at DOD favors hav- 
ing Livermore, developer of the ram- 
jet reactor, continue in this role 
through ground test of an engine sys- 
tem in 1964. Meanwhile, there is 
considerable industry interest in in- 
dustry’s coming into the program in 
the next 1-2 years as engine-develop- 
ment contractors—the same role now 
held by Aerojet-General Corp. and 
Westinghouse Astronuclear Laboratory 
in the nuclear-rocket program. 


Nuclear Week in Chicago: Seaborg Attempts to Dispel 
Industry Uneasiness Over Fuels-Ownership Transition 
AEC Chairman Seaborg pledged to the utility industry last month that 
it need have no fear of a sudden or premature switch to enforced private 
ownership of nuclear fuels (NU, Nov. ’61, 37). 
In the principle address at the annual AIF-ANS conference in Chicago, 


Seaborg said, “There seems to be 
much to commend the idea of con- 
verting eventually to private owner- 
ship. It is, of course, recognized by 
all concerned that a sudden imposi- 
tion of a uirement for private 
ownership could well be a serious 
blow to the newly born and still in- 
secure nuclear power industry. 

“I would like to reassure you that 
the Commission is fully aware of this 
problem. If it is decided to proceed 
with a request for such modification 
of the Atomic Energy Act, we would 
expect to pursue this matter vigorously 
with Congress. But we intend that 
nuclear power will be an established 


self-sufficient industry before it will 





be forced to accept the full economic 
burden and responsibility which goes 
with private ownership of special nu- 
clear material.” 

Then Seaborg, in a departure from 
his prepared text, ad libbed: “I have 
even heard the rumor that some who 
were about to embark on building nu- 
clear power plants have dropped the 
idea or have been dissuaded from 
doing so for fear AEC would make a 
sudden step to embark on a program 
of compulsory private ownership in 
the near future. This is not our 
intention.” 

Returning to his text, the chairman 
concluded, “We would anticipate that 
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during the transition fuel would 
continue to be and unused fuel 
and plutonium would be credited at 
prices which would be consistent with 
their value as nuclear fuel. . . . It is 
important that industry, the Joint 
Committee on Atomic a and 
AEC work together to assure the best 
interests of all concerned. We have 
asked for your assistance and com- 
ments on this problem and will, I 
assure you, continue to lean heavily 
on your advice.” 

The Seaborg talk came as the 
climax of a meeting that many were 
calling far better than the one a year 
ago in San Fransisco. Some pointed 
to the healthy attendance figures—a 
record 1,248 registered for ANS, with 
another 430 for the Forum meeting. 
Others took their cue from the Atom 
Fair, where not only nonreactor com- 
panies but reactor firms, as well, were 
expressing their satisfaction. Many 
= expressed the view that even 

nuclear power sector is in good 
shape: as Chairman Seaborg put it, 
“I am convinced that we now have in 
hand technology with which we can 
meet our 1968 objective of competi- 
tive nuclear power in the high fuel. 
cost areas.” 

Meanwhile, the Forum re-elected to 
its presidency Charles H. Weaver, 
vice president of Westinghouse Elec- 
tric Corp; it will be his second year in 
the office. 


Overseas Fuels Policy 


A “Statement on Availability of 
si a Sraet ¢! Power Reactors 
Abroad,” ed by a special Forum 
working group iedad by Kenneth D 
Nichols (former AEC General Man- 
ager, now a consultant), was submit- 
ted to the Forum meeting. The 
statement recommends four principles 
to AEC, Nichols said, in connection 
with AEC’s re-examination of policies 
relating to the transfer abroad of 
enriched uranium for fueling the 
power reactors in friendly foreign 
countries and for assuring adequate 
supplies for programs in those coun- 
tries under reasonable terms and con- 
ditions. The principles: 

“1. Disassociate subsidy or assist- 
ance for foreign reactors from supply 
of gee ae materials. 

“2. Make arrangements for supply 
of special nuclear materials abroad as 
similar as possible to arrangements 
with U. S. industry. 

“3. Simplify conditions for transfer 
of special nuclear materials. 

“4. Provide assurance of long-term 
supply of special nuclear materials 
siete to justify capital commit- 
ments.” 

Nichols said the Forum statement 


had been forwarded to AEC and that 
discussions with AEC staff “indicated 
AEC is considering our recommenda- 
tions and has found some of our 
comments helpful.” 


National Nuclear Policy 


A status report on the work of the 
Forum’s Ad Hoc Committee on 
National Policy on Peaceful Atomic 
Energy was presented by its chairman, 
Chauncey Starr of Atomics Interna- 
tional. The Committee will “shortly” 
be preparing its conclusions and rec- 
ommendations and plans to produce 
its final report “in the next few 
months.” “We have every expecta- 
tion,” Starr said, “that it will provide 
a working document for policy guid- 
ance in facing the problems of peace- 
time atomic energy today.” 

The objectives of the committee 
(NU, Oct. 61, 17) were to define the 
goals of the national nuclear program, 
and then to present recommendations 
for the methods and approaches 
toward accomplishment of these goals. 
A questionaire to Forum members, 
answered by 40% of those approached, 
is now under detailed whi on Starr 
said. The Committee is seeking to 
assess the possible impact of atomic 
power on the sabenal scene during 
the period 1970-2000; it will collect 
selected forecasts for electrical and 
total energy requirements in the U. S. 
to the year 2000, calculate the esti- 
mates of future new plant capacity 
additions in each region and the frac- 
tion of additions installed at various 
fuel prices, estimate future power 
costs for both nuclear and conven- 
tional plants. 


“We've Lost Momentum’ 


Air Force Secretary Eugene H. 
Zuckert—a former member of AEC— 
told the Forum, “You will recall the 
enthusiasm, the great promise—and 
the promises—the impervious opti- 
mism and the gay confidence with 
which we Pro nearly a decade ago 
on a road which has turned out to Be 
a bit rougher, steeper and longer than 
it looked from, say, 1952. ... We 
have to face the humorless fact that 
we've lost momentum in the handicap 
race for economic nuclear power. 
The relays may have been run out of 
order for reasons, in fairness, beyond 
AEC’s control, or regulation has out- 
run development. .. . 

“The oil discovered in the Sahara 
didn’t smooth the path for nuclear 
power in Western Europe. Neither 
was the path at home smoothed for 
American industry by the needless in- 
volvement of the developmental prob- 
lem of nuclear power with the politi- 
cal problem of public-versus-private 


wer—a clumsy entanglement not to 
be unraveled at the laboratory bench.” 


To Destroy SPERT | Core 

Joseph A. Lieberman, AEC assistant 
director for nuclear safety of the 
Reactor Development Division, sum- 
marized once again at the Forum 
safety session the commission’s reactor 
kinetics program in its SPERT (Spe- 
cial Power Excursion Reactor Test) 
series at the Idaho National Reactor 
Testing Station. Three reactors al- 
ready in operation for some time 
include SPERT I, an open tank type 
reactor; SPERT II, a medium pressure 
system; and SPERT III, a fully pres- 
surized plant capable of simulating 
boiling- or pressurized-water reactor 
plants at initial operating powers up 
to 60 Mw. SPERT IV, a swimming- 
pool type, will be started up by 
year’s end. 

Work on the effect of very short 

riod excursions is now to be under- 
taken in SPERT I using an aluminum 
plate core, Lieberman said. Final 
test of the series will be a planned 
destructive test where a large fraction 
of the core will be destroyed. One 
of the purposes of this test is to 
determine the energy transfer mech- 
anisms to the water and the nature 
of the steam explosion that may result, 
he explained. Such an_all-out-to- 
destroy experiment has been sug- 
gested often in recent years, most 
recently after the SL-1 accident. 


Price: Leadership in Space 

A hard-hitting speech on the neces- 
sity for decisive leadership at AEC in 
the development of nuclear power for 
space was delivered on the first day 
by Rep. Melvin Price (D-lIll.), chair- 
man of the Subcommittee on Research, 
Development and Radiation, Joint 
Committee on Atomic Energy. Price 

oke at a luncheon session midway 
+ daa an all-day session on nucle- 
onics in space, as the Atomic Indus- 
trial Forum began its annual meeting. 

The ve tried, in effect, 
to get the following idea across: that 
AEC’s nuclear-rocket and other space 
programs could be mismanaged as 
was the nuclear-airplane program or 
they could be made to succeed in the 
manner of the nuclear-naval program. 
“Rover [the nuclear rocket] is the 
third major opportunity for atomic 
power to serve top priority propulsion 
needs of our nation. First came 
atomic-powered submarines, then air- 
craft, now missiles and space vehicles. 
The score to date is only 50-50.” He 
made these suggestions on how to 
assure the success of the rocket, SNAP 
(Systems for Nuclear Auxiliary Power) 
and nuclear-ramjet programs: 

1. “Make sure that truly central 
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authority rests with one man... . 
That man must have full authority in 
fact if not in name. With him must 
rest the responsibility.” 

2. “Set a clear objective and hold 
it.... The program must go on 
without the interruption of schedules, 
funds, manpower, supplies, or 
facilities.” 

3. “Utilize AEC laboratories for 

. research and the development of 
experimental and prototype reactors 
[and], at an early stage, effect a 
‘marriage’ between the AEC labora- 
tory and the prime industrial contrac- 
tors chosen fis develop the working 
systems].” 

4. “Bring in qualified and compet- 
ing industrial firms to tackle each 
identifiable and separate part of the 
job. After initial small educational 
tasks, narrow it down to those who 


have shown they can and will do the 
job.” 


Finger: Shoot for Moon 

Harold B. Finger, chief of the 
AEC-NASA nuclear rocket program, 
told the opening session that the 
nuclear rocket should be considered 
an alternate means of reaching the 
moon. “I am convinced that we can 
design these systems . . . so that with 
continued development they can lead 
to stages that may be used operation- 
ally as the upper stages of the large 
chemical boost vehicles that are being 
considered for application in landing 
the first U. S. astronaut on the moon. 
If our technical program during this 
next year succeeds, then we should 
be able to provide an alternate ap- 
proach in the lunar landing program.” 

In addition, more advanced work 


on higher-power systems to serve as 
secondary stages on high-thrust chem- 
ical boost stages is underway. These 
may provide the U. S., some day, with 
the capability for launching nuclear 
systems from the ground, Finger said. 
“Design work, basic-materials work, 
and Fabrication experiments are in 
process to provide the technology 
needed in these high-power systems. 
From a technical point of view, the 
achievable power density in these ad- 
vanced power reactors is as important 
as, or more important than, the power 
level itself. . . . The work aimed at 
developing technology of high-power- 
density, high-specific-impulse reactors 
has been included in our so-called 
‘Phoebus’ work. This is part of the 
advanced reactor program being con- 
ducted by the Los Alamos Scientific 
Laboratory.” 


Berkeley Costs Down Despite Price of Learning from Calder 


Now that the first of the two re- 
actors at both Berkeley and Bradwell 
have gone critical, with the second to 
follow in a few months, British nu- 
clear engineers are busily trying to 
work out their power-cost economics 
and to estimate what this may mean 
for the newer British civil power re- 
actors still under construction. 

Bids for Berkeley (1388 Mwe per re- 
actor) and Bradwell (150 Mwe per 
reactor) were asked well before the 
first Calder reactor (37 Mwe each) 
went critical in May 1956—and site 
work began only seven months later. 
As Calder experience accumulated, 
changes had to be made in the de- 
signs of the much larger Berkeley and 
Bradwell plants. These involved 
mainly fuel cans, graphite structure, 
control system, more core instrumen- 
tation, and thicker shielding in re- 
actor buildings and blower houses. 
Together these factors delayed com- 
pletion by a year and raised cost. 

Total increase in Berkeley capital 
costs due to nuclear and other modi- 
fications—is now authoritatively esti- 
mated at $64/kw net, adding $18- 
million to the total cost. Whether 
the new figure includes any profit, or 
what research-development charges 
have been recouped, is not ascertain- 
able. Originally both Berkeley and 
Bradwell were stated to be being 
built by the reactor-building consortia 
at a loss. The contractor’s price for 
Berkeley (including the reactor, civil 
engineering and shielding structures, 
gas circuits and _turbine-generator 
equipment) rose from $101-million in 
1955 to $112-million in 1961; to this 
sum must be added site and site- 
development costs and fuel charges, 
bringing total capital cost today to 
$142.5-million, or $448/kw. Plant 
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life has been reckoned at 20 years, but 
most recent British studies indicate 
that a 25-year life is entirely reason- 
able to expect. Plant load factor is 
figured at 75%. 

Power costs have risen correspond- 
ingly from 8 to 11.2 mills/kwh due 
to these factors, and also to an in- 
crease in basic interest from 4.5 to 
5.5% and, in the case of Berkeley, to 
higher fuel fabrication charges. Berk- 
eley fuel investment is $16/kw more 
than Bradwell owing to the shorter 
and more complicated fuel-element 
structure, which adds 0.4 mills to the 
power cost as compared with Bradwell. 

Nevertheless there remains a strik- 
ing reduction of nearly 50% over 





TNPG to Build Oldbury 
Station 


Oldbury-on-Severn nuclear power 
station, eighth civilian power station 
in Britain, is expected to go to 
The Nuclear Power Group for con- 
struction this month when the Cen- 
tral Electricity Generating Board 
awards the contract for the 550-Mwe 
two-reactor plant. TNPG is already 
contractor for Berkeley, Bradwell and 
Dungeness. 

Oldbury will be the first CEGB 
station to adopt concrete containment 
of the core instead of a steel pressure 
vessel (as predicted in NU, June 61, 
25). However, it is not yet ap- 
parent whether the entire prima 
circuits, steam generators and all, 
would be contained in the concrete 
shell, or only the core. Most reports 
suggest CEGB is in fact adopting 
the second, less daring and ambitious 
—and less economic—arrangement. 
The French are already doing this at 
Chinon in EDF-3. 











Calder Hall capital costs thanks to 
economies of scale as well as those 
arising from the higher coolant tem- 
peratures and pressures. Sizewell, 
seventh power station in the British 
program (sixth on the England-Wales 
grid of the Central Electricity Gen- 
erating Board, Hunterston being on 
the South Scotland grid) is scheduled 
to go on the line in 1965: it illustrates 
how economies due to scaling-up, site 
compaction and technical advances 
have helped to drop the over-all cap- 
ital cost to $286/kw, and power costs 
to 7 mills/kwh. Placing both Size- 
well reactors under one roof with a 
common pile cap (i.e. charge face, 
which in British reactors is on top), 
common control room, and common 
spent-fuel storage pond helped to 
compress the reactor site from 9 to 5 
acres and to permit the Goliath crane 
now working at Hinkley Point to 
straddle the site, so it can be re-used. 
Compaction was also greatly helped 
by use of high coolant pressure, re- 
ducing the number of gas loops to four. 
Sizewell civil-engineering costs per 
kilowatt are the lowest of any station. 
Other major economies were effected 
in the turbogenerator design and use 
of a single universal charge-discharge 
machine with a standby. 

Sizewell’s $286/kw capital cost is a 
reduction from $308/kw at Dungeness. 
But, short of switching to concrete 
containment of the reactor—as Old- 
bury, the next station after Sizewell, 
will do (see box)—Sizewell has 
notched upward the major design 
parameters almost as far as they will 
go. Beyond this size—even with the 
adoption of hollow uranium rods, one 
proposed improvement—the specific 
costs of major reactor components 
tend to remain constant. 
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PM-3A and SNAP 7C Shipped to the Antarctic Together 


A little nuclear history was made at Davisville, R. L., 
on Nov. 3, when both a reactor and a radionuclide power 
source were loaded aboard the Navy transport USS 
Arneb, for shipment to McMurdo Sound, Antarctica. 
The units were: PM-3A, a 1.5-Mwe power reactor, the 
first of two nuclear plants to be installed at McMurdo; 
and SNAP 7C, a 10-watt, strontium-90 generator that 
will power an unmanned weather station at a site 400- 
mi northeast of McMurdo. Both were built by Martin 
Co. under contract to AEC and both are scheduled for 
re by early in 1962. The stories on this page 

iscuss the outlook for these two types of power sources. 


Small-Reactor Outlook Still Cloudy 

The remote-reactor outlook is still bedeviled by the 
frustrating annual-budget problem at the Pentagon, 
which has put the military customer for small stationary 
or mobile reactors into the position of having to say: 
“Yes, nuclear plants might be as cheap or cheaper than 
conventional plants at some places over their lifetime— 
and easier to supply with fuel—but their higher first costs 
would take budget dollars away from other projects we 
would like to have.” 

Nevertheless, this budget obstacle (NU, Apr. 61, 27) 
appears to be giving way gradually to: 1. constantly 
improving reactor economics and technology; and 2. the 
rising nuclear-war tension, which, in forcing the military 
to go underground, leads the services to look more 
sympathetically on power plants which could be operated 
easily at buried installations. With all factors considered, 
orders for small reactors are expected to continue sporadic 
for another two years, not reaching the several-per-year 
stage before 1964 or 1965. 


MILITARY REACTOR STAFFS 


In the last year, all three services—Army, Air Force 
and Navy—have completed the staffing of groups quali- 
fied to review and monitor stationary (or mobile) re- 
actor projects. In each case, their thinking is dominated 
now by the desire to get operating experience on plants 
already built or ordered (Army: PM-2A in Greenland, 
SM-1A in Alaska, and ML-1 in Idaho; AF: PM-1 in 
Wyoming; and Navy: PM-3A at McMurdo and PL-3 at 
Byrd Station). 

Army. Engineer Corps officials feel that a hard-site 





Cape Horn 


i 
ae South s. 
” Am , 
¥ ‘ ericas \ 
A & 

fp s as x »_Antorctic 

bof Circle 

t 


/ = Little 

> Americe V § , 
New _ Sou 4 
Zealand meereys Pole 


JA 
in 











SITES OF PM-3A, SNAP 7C, respectively: 
McMurdo and Little America V 


20 


SNAP 7C GENERATOR ready for ship- PM-3A REACTOR VESSEL just 
ment to Davisville, R. |., dock 


(underground) reactor may be ordered in the next year, 
barring an adverse development in military reactors now 
in use; location of the most likely site could not be re- 
vealed. In addition, there are requirements for the 
compact ML-l-type, gas-cooled power plants; the first 
field unit has been budgeted (ML-1A) but this and 
others of the type would not be ordered before next 
spring, when there should be some operating experience 
on ML-l. Meanwhile, the Army will carry out an up- 
to-date study of its overall nuclear-power requirements. 

Air Force. The AF program for small reactors—with 
the accent on air-transportable plants—is managed jointly 
by the Air Force Systems Command and the Directorate 
of Civil Engineering, with a group at the AF Special 
Weapons Center, Albuquerque, N. M., also active in 
nuclear-power consideration. AF officials foresee a sub- 
stantial demand for reactors for hard missile sites if PM- 
1 operates well at Sundance AF Base, Wyo. 

Navy. Again, in the vein “Let's see how those we 
have operate,” the Navy would like to have some PM-3A 
experience before getting into large-scale purchases. 
However, a second reactor is on order for Antarctica 
(PL-3) for shipment to Byrd Station by Alco Products, 
in late 1963. Navy plans also include: a second reactor 
at McMurdo, a PL-3-type plant at the South Pole, and a 
20-Mwe plant for Guam (“It is ry se that the Bureau 
of the Budget will permit a joint funding arrangement 
with AEC in order to proceed with a. . 
Guam.”). 


REACTOR DEVELOPMENT AT AEC 


The several-year-old Army Nuclear Power Program, 
from which all existing small military reactors have 
flowed, is undergoing a metamorphosis from its original 
charter (a varied family of reactors up to 40 Mwe) to 
one emphasizing plants no larger than 5 Mwe, plus 
systems for special applications. At the same time, the 
Army Reactors group at AEC is ne on the 
reduction of construction and operating costs of existing 
systems and on improving their reliability. 

The group has one contractor working on the feasibility 
of mobile nuclear energy depots (NU, Apr. 61, 24) and 
other studies are planned; the aim is to couple nuclear 
heat with prospective techniques for propelling military 
vehicles (fuel cells, chemical batteries, etc.). Small re- 
actors are also getting some consideration as emergency 
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power sources after a nuclear attack. The new civil- 
defense staff at the Defense Department has gotten data 
on small reactors from AEC but DOD officials say they 
must get well into an expensive program of fallout-shelter 
construction before they look seriously at nuclear power. 

An industry official perhaps best summed up the 
status of small reactors br the military, when he said in 
effect: “Small reactors are not now economic anywhere 
except in the Antarctic. Meanwhile, they have not yet 
proven to be reliable power sources. At any price, the 
military is not going to buy on a large scale until they 
are convinced that the plants are reliable.” 


Radionuclide Power Growing Fast 

When SNAP 7C goes into service shortly after Jan. 1 
to power unmanned weather instruments 400 mi from 
McMurdo, it will be the fourth radionuclide power 
generator to go into service since June—a plutonium-238 
device was launched with the Navy’s Transit IV-A in 
June; this was followed in August by a strontium-90, 
weather-station unit in the Canadian Arctic (NU, Aug. 
61, 25); and, before Christmas, the U. S. Coast Guard 
is expected to be —s SNAP 7A, a 5-watt strontium- 
90 system for a flashing-light buoy in Chesapeake Bay. 
All of these were built by Martin Co. 

Then, during 1962, the following radionuclide gen- 
erators are to go into service: early in the year, a 5-watt, 
cesium-137 system built by Royal Research Corp. to 
power seismographic instruments on the floor “| the 
Atlantic Ocean (NU, Sept. ’61, 26); next summer, a 30- 
watt Martin system to power weather instruments on a 
hurricane-tracking boat in the Gulf of Mexico (SNAP 
7D); and early next fall, a Martin 30-watt strontium-90 
system to power a 250-watt flashing-light beacon of the 
Coast Guard (SNAP 7B). 

Moreover, these seven generators may be joined durin 
the year by: one or more Pu-238 sources for operationa 
Transit satellites; and prototype generators for applica- 
tions either classified or not yet firmed up. These in- 
clude undersea warfare uses and other commercial, 
military and outer-space —— 

The market for radionuclide generators can be divided 
roughly into two areas: those military and space applica- 
tions where capability and reliability will be considered 
more important than economics; and government and 
commercial applications where economics will be given 
more emphasis. The Navy's Transit navigational satel- 
lites, for example, are being designed to operate for at 
least five years, preferably more. A long-lived radio- 
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isotope like Pu-238 is the only heat source available with 
anything like a 5-year-lifetime capability. 

On the other hand, radionuclide generators are and 
will be competing with other sources of power in such 
commercial applications as communications satellites. 
Here, although there is an awareness of radionuclide 
power, there is a disposition to stay with solar-cell power 
as long as it will do the job. 


COST, SUPPLY BIG FACTORS 


Thus, many government and industry officials consider 
the largest obstacle to rapid and widespread application 
of nuclide power to be cost—and, close behind cost, the 
related factor, supply. For fission products like Sr-90, 
Cs-137, cerium-144 and promethium-147 it is generally 
agreed that a sizeable increase in production would bring 
a corresponding drop in cost. Estimates for reducing the 
prices of Sr-90 and Cs-137 have run as much as 75-90%, 
once multi-megacurie separations capacity has been 
established. AEC is in the process of building a pilot- 
plant for testing large-scale separations techniques; and 
it has said that it will expand the pilot-plant’s capacity in 
the next 12-18 months, unless it gets a feasible proposal 
from industry to do the job (NU, Oct. 61, 21). The 
only question of fission-product supply remaining as of 
now is: Will it be increased fast enough and substantially 
enough to meet the demand for remote land, sea and 
undersea generators? 

The supply—and, only incidentally, cost—question is 
also a factor in outer-space uses of nuclide generators. 
Here the supply problem is more acute because trans- 
uranium elements, such as Pu-238 (87-yr half-life) and 
curium-242 (163-day half-life), are the most feasible 
heat sources and they must be especially produced. The 
whole story on Pu-238 is not known because, as a by- 
product of weapons-material production, its production 
is classified; however, industry and government officials 
have made it clear in recent months that Pu-238 is in 
short supply in terms of — uses in space. 

Cm-242 generators will first be used in NASA’s Sur- 


veyor series of soft-lunar spacecraft landings to gather 

lunar environmental data (NU, Oct. 61,28). There are 

other missions of up to six months for which Cm gen- 
ide 


erators could provide the power but, again, supply will 
be a major consideration in these, 

Other radioisotopes under serious consideration for 
land, sea or space power generation are cobalt-60, prome- 
thium-147 and curium-244 and mixed fission products. 
All of these require some developmental work. 
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Italy’s Three Full-scale Reactors to Make 525 Mwe by 1964 


Italy’s ambitious nuclear power program—three reactors with an initial 
output of 525 Mwe (ultimately 625 Mwe with core improvements )—is 


on schedule. 


‘While the U. S., British and French nuclear power programs were 


getting more of the limelight, the 
Italians have been at work on proj- 
ects more frequently reported in- 
dividually than as part of a national 
effort. The program is a well-bal- 
anced one, comprising one pressurized- 
water, one boiling-water and one 
Calder-type gas-cooled reactor. And 
with the Italians working closely with 
the most experienced reactor manu- 
facturers in the U. S. and Britain, no 
major delays have been encountered 
so far and all three reactors are on 
schedule, with the last to be com- 
pleted within two years. 

Two of the three—the two water 
reactors—are being built by U. S. 
firms: Westinghouse the 165-Mwe 
Yankee-type reactor for SELNI, and 
General Electric the 160-Mwe Dres- 
den-type unit for SENN. The Nu- 
clear Power Group of Britain is build- 
ing the 200-Mwe gas-cooled reactor 
for SIMEA. Here is where each 
stood last month: 


SIMEA 

SIMEA: Societa Italiana Meridionale 
Energia Atomica = Southern _ Italian 
Atomic Energy Company 


At Latina, where a subsidiary of the 
state-owned ENI gas and oil complex, 
SIMEA, is building its British-type 
reactor (actually a single, scaled-up 
Bradwell reactor), testing of the car- 
bon-dioxide blowers has just started. 
Inside cleaning of the 72.2-ft-diameter, 
spherical steel pressure vessel was 
recently completed and stacking of 
the graphite moderator within it will 
soon get underway. Meanwhile lay- 
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ing of the carbon-dioxide pipeline net- 
work and fuel standpipes continues. 
Work on the second group of vertical 
steam generators outside the reactor 
building is nearing completion. As- 
sembly of external fixtures and main 
water and steam pipelines between re- 
actor and turbine Pall is in progress; 
construction of the betel cooling 
pond is well advanced. 

In the turbine-generator building, 
installation of the first of three turbo- 
generator sets is completed, the second 
is nearing completion, and foundation 
plates for the third are laid. Work is 
underway in the control room on the 
centralized control panel and plant in- 
strumentation. Also well along are the 
laboratories annexed to the nuclear 
power plant, and the seawater con- 
denser cooling system. Some of the 
auxiliary plants are already in the test- 
ing stage. Criticality is due end-’62. 

An agreement was reached recently 
with the U. K. Atomic Energy Au- 
thority covering supply of the first 400 
tons of natural uranium fuel slugs for 
Latina (one loading requires 262.5 
tons). Price, not disclosed, is unof- 
ficially estimated at about $15-million. 


SENN 

SENN: Societa Elettronucleare Naz- 
ionale = National Electro-Nuclear Com- 
pany 

The nuclear power plant rising at 
the mouth of the Garigliano river for 
the SENN utility group is 50% com- 
plete. The 164-ft-diameter steel con- 
tainment sphere that will house the re- 
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CLOSEST TO COMPLETION of Italy's three big power plants, the British-built gas- 
cooled reactor rises above the wartime Anzio beachhead at Latina 
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actor has been completed and success- 
fully pressure-tested. Work on sup- 
porting structures inside the sphere 
continues. The nuclear end of the 
plant is just coming out of the desigu 
stage and entering the construction 
stage: core design is just about com- 
plete; control circuit and cooling cir- 
cuit design are almost completed. 

SENN has already ordered fabrica- 
tion of the zircaloy-2 cladding and of 
enriched uranium-oxide powder, the 
former from Reactive Metals, Inc., 
and the latter from Fuels div., United 
Nuclear. Final assembly and weld- 
sealing of the fuel rods will be done at 
GE’s San _ fuel-fabrication plant. 
Deliveries have begun by AEC of en- 
riched uranium, as fluoride, for con- 
version to oxide, and the first samples 
of uranium-dioxide powder have been 
delivered to GE’s Atomic Power 
Equipment Dept. for testing and mak- 
ing sample pellets. Mass production 
of the fuel is expected to start shortly. 
Design work on the control rods is 
completed (they will be the new 
Dresden type using compacted boron 
powder in thin tubes within the blades 
of the cruciform control rods). Proto- 
type control-rod drive mechanisms 
have been built. 

The turbogenerator building and its 
annexed control room were completed 
last month. Auxiliary buildings have 
been ready for some time; for ex- 
ample, the radioactive discharge build- 
ing and the building housing the plant 
for cooling-water intake from the 
Garigliano river are awaiting installa- 
tion of equipment. The 328-ft ex- 
haust stack is almost topped off, and 
the switchyard foundations are com- 
pleted. Fabrication of power and 
mechanical equipment is in its final 
phases at the » fees of the subcon- 
tractors, and flow of delivery to the 


1. SIMEA: Bradwell-type Reactor Due for Criticality at End of 1962 


STANDPIPES for charging and discharg- 
ing fuel (compare foldout p. 37) 
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2. SENN: Dresden-type Reactor Has Criticality Scheduled Early in 1963 


X 


TURBINE-GENERATOR BUILDING and (background) the reactor containment sphere 
loom above Garigliano river, also familiar to U. S. troops in World War I! 


site for assembly is beginning this 
month. 

Preliminary systems testing is 
scheduled for the end of 1962. Fuel 
loading and final plant checkout are 
to follow immediately, with criticality 
scheduled for early 1963. 


SELNI 
SELNI: Societa Elettronucleare Italiana 
= Italian Electro-Nuclear Company 


Design is almost completed, and 
fabrication of all primary components 
except the core will be completed this 
year or early next year for SELNI’s 
privately-financed reactor (SENN and 
SIMEA are financed from govern- 
mental funds, SENN with the aid of 
a World Bank loan. SELNI has a 
$34-million Export-Import Bank loan). 
The reactor pressure-vessel, just com- 
pleted at Combustion Engineering’s 
Chattanooga, Tenn., shops, will be 
pressure-tested at 3,750 psia (operat- 
ing pressure 2,500 psia) before the 
year is out. The four 24,500-gpm 
canned rotor primary coolant pumps, 
built by Westinghouse, will also be 
tested this vear. 

The four steam generators are due 
for completion at the beginning of 
1962, and the control-rod drive mech- 
anisms in mid-1962. All _ other 
nuclear components are to be de- 
livered to the site in the first six 
months of next year. The core—oxide 
pellets in tubes, like SENN, but with 
the tubes of stainless steel—will be 
fabricated by Westinghouse at its 
Cheswick fuel plant. Italy’s Franco 
Tosi company is building the 180- 
Mw turbine-generator set and con- 
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denser, and is about halfway along. 

At the plant site at Trino, on the 
Po river between Milan and Turin, 
levelling of ground for the plant over 
an area of 1.4-million ft’ is almost 
completed; foundation digging for the 
reactor is finished and concrete pour- 
ing is underway. 

Completion of construction and me- 
chanical assembly of the nuclear plant 
is scheduled for September 1963, 
with criticality to follow by end-’63. 

The reactor’s initial 165-Mwe out- 
put is an increase from the 134-Mwe 
of Yankee, of which SELNI was orig- 
inally to be a “Chinese copy.” It is 
achieved by changes in the size and 


MOTOR IMPELLER by GE for a SENN 


canned main coolant recirculating pump 


design of the core: a three-region core 
of concentric rings, with enrichment 
varying from 2.6 to 2.8%, will be used. 
By the time all three rings have been 
refueled once, the reactor is expected 
to reach 225 Mwe. An additional 
85-Mw turbine is slated to take care 
of electricity generation above 180 
Mw; present plans are for the re- 
actor to go on the line with both tur- 
bines if technology is sufficiently 
advanced. If not, the second tur- 
bine would be installed _ later. 
SELNI says it does not know when 
core improvements will permit the 
plant to put out the maximum 265 
Mwe using both turbines. 


3. SELNI: Yankee-type to Start Up at End 1963 


the Po river. 


This was state of progress on Oct. 11, 1961 


23 





REACTOR NEWS 


PWR REFUELED AGAIN; 4TH SEED POSSIBLE 


Shippingport’s second refueling was completed ahead 
Sholts-te 44 working vod as seit the 53 that 
had been allotted. The first refueling required 117 
working days. Begun Aug. 16, 1961, the second re- 
fueling of the nation’s first full-scale nuclear power plant 
was completed Oct. 6; the reactor went critical again 
Oct. 7, and started producing power again at 3:15 a.m. 
Monday, Oct. 23. Performance has been outrunning 
design expectations by increasing margins: the first 
blanket was expected to last only two seed lifetimes for 
a total of 8,000 hours design life, but actually logged 
13,707 full-power hours on the first two seeds (5,806 
actual against 3,000 designed hours on the first, 7,901 
actual against 5,000 designed hours on the second seed). 
The second seed maintained a plant load factor of 70% 
over its operation from May 7, 1960, to Aug. 15, 1961. 
Not only has a third seed now been installed, but a 
fourth seed is now being fabricated in the expectation 
that the blanket may well have still further life left after 
the third seed is burned out. Duquesne Light Co., op- 
erator for AEC of the pioneer pressurized water plant, 
reports that on three occasions in the last ten months 
PWR ran for more than 1,300 continuous hours at full 
power, generating about 700 million kwh each time. 


EBR-2 RUNNING ‘DRY CRITICAL’ 


AEC’s Experimental Breeder Reactor No. 2 is perform- 
ing satisfactorily in physics tests being conducted with 
the reactor “dry critical”—that is, without sodium cool- 
ant and at negligible power. Fifth and last to be com- 
leted of AEC’s 1954 five-year reactor program, EBR-2 
t went dry-critical without fanfare Sept. 30, hitting 
predicted calculations almost on the nose (criticality was 
reached with 87 elements, as against 85 predicted). In 
addition to the physics testing work, the daily dry- 
critical experiments are permitting check-out of the fuel- 
handling mechanisms, instrumentation and other systems, 
which are working smoothly. On the secondary side 
some Piping has had to be disassembled for cleaning and 
is now being reassembled. The dry criticals were com- 
pleted early in November, the core was unloaded, and 
about two months of work begun preparatory to filling 
the primary and secondary systems vith sodium. “Wet 
criticality” with sodium flow is not expected until March 
or April of 1962. 


GODWIN QUITS: SAVANNAH FUELING NEAR 


Richard P. Godwin, head of U. S. nuclear merchant-ship 
program since 1957, has resigned government service 
and gone to work for Bechtel Corp. in San Francisco. 
He has held a “two-hat” position as head of AEC’s 
Maritime Reactors Branch and head of the Maritime Ad- 
ministration’s Nuclear Proj section (recently he had 
been promoted at MA to head its Office of Research and 
Development with cognizance also over all nonnuclear 
advance work). In charge of the Savannah project 
since its inception, as well as longer-range nuclear pro- 
pulsion programs such as the Maritime Gas-Cooled 
Reactor, Godwin had recently also been leading devel- 
opment work in other areas, many of them potential 
applications for nuclear power such as hydrofoil and sur- 
face-effects vessels, mechanized and automated ships, 
etc. (NU Wk, 5 Oct. 61, 3). At Bechtel Godwin will 
work under W. Kenneth Davis, his former chief in 
AEC’s Reactor Development Division. E. Kemper Sul- 
livan has been named acting head of MRB by AEC and 
Marad . . . Meanwhile, AEC permission for NS Savan- 
nah to load fuel was expected momentarily. The ship 
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was put through a two-day dress rehearsal of the fueling 

rocess using dummy elements Nov. 8-9, and the 32 
five elements were transferred from dockside vaults to 
the ship’s No. 4 hold in readiness and for fueling. 
Actual loading awaited final approval of AEC’s regu- 
latory staff. Meanwhile the required change of con- 
trol-rod components made of 17-4-PH steel treated at 
900°F to ones treated at 1110°F has been carried out; 
precritical tests of the control-rod drives will now be 
made after fueling. Thereafter low-power tests, to 10% 
of full power, will be carried out at dockside at Camden, 
N. J., before Savannah goes on non-nuclear power to her 
Yorktown, Va., power-range test base. 


ENTERPRISE GOES TO SEA 

USS Enterprise—biggest ship in history, the Navy's sec- 
ond nuclear surface ship, driven by the werids Liggest 
operating nuclear powerplant—went to sea for “he first 


time Sunday, Oct. 29, for six days of preliminary accept- 
ance tests of her propulsion, electrical, hull-machinery, 
electronics, aviation, ordnance and other systems. Wil- 
liam E. Blewett, president of Newport News Shipbuild- 
ing & Dry Dock Co. which built the $450-million ship, 
told NUCLEONICS that she “performed perfectly” in 
all respects in completing her propulsion tests including 
a 4-hr full-speed endurance run, steering, backing, and 
going from full-speed ahead to emergency astern; she 
developed full design power and “exceeded all our ex- 
pectations.” The 86,000-ton, 1,101-ft flattop—with a 
complement of 4,600—has a 280,000 hp Westinghouse 
pressurized-water reactor powerplant (210 Mwe equiva- 
lent). She will be commissioned and turned over to 
the Navy Nov. 25—more than two months ahead of con- 
tract date. 


MARQUARDT CUTS BACK NUCLEAR STAFF 


Marquardt Corp. has disbanded its Nuclear Systems Di- 
vision and reorganized its nuclear activities on a more 
modest footing. Former division director Alan R. 
Gruber has left the firm; his former projects have been 
split in two sections: Project Pluto (nuclear ramjet) 
work still Marquardt’s biggest nuclear project, is now in 
the Propulsion Systems Division, while work on station- 
ary reactors is concentrated on a 12-man Nuclear Re- 
search Dept. placed under the ASTRO (Aero Space 
Technology Research Operation) Division. On Project 
Pluto, while Marquardt is continuing to do reactor com- 
ponent development work—especially instrumentation 
and controls, and nozzles—it is setting its sights more on 
the engine side than the reactor side of the ramjet pro- 
pulsion package. On stationary reactors, the organic 
DCDR project (Direct Cycle Diphenyl Reactor: NU, 
Dec, ‘60, 31) is continuing, still company-funded. 


December, 1961 - NUCLEONICS 





WORLD NEWS 


Food-Irradiation Programs Gain Momentum 


A decision by Canada’s Directorate of Food and Drugs 
to permit irradiation of potatoes (NU, July 61, 26) ap- 
parently has increased international interest in food 
irradiation. Irradiation of fruit juices, potatoes, eggs 
and grain, reported either in progress or in planning at 
an ENEA (European Nuclear Energy Agency) food- 
irradiation study-group meeting in Paris late this fall, 
indicates a growing wave of interest in the process. One 
delegation, the Austrian, proposed an_ international 
project calling for use of a 120,000-curie source at a 
semi-industrial plant to supply 200,000-rad doses to 
irradiate an estimated 20,000 pints of fruit juice a day. 
The plant would be backed up with a research program 
to determine optium doses, storage problems, influence of 
irradiation on vitamin content, and effective wholesome- 
ness testing. The Austrians currently are working on 
fruit-juice irradiation at the Seibersdorf Research Center, 
near Vienna. Food-irradiation experts from other coun- 
tries believe that the program would have to be expanded 
to additional products to make it attractive to other 
nations. 

French clearance. In another development, French 
potato-irradiation sponsors have decided to seek govern- 
ment clearance for their process late this year or in early 
1962. Although French potato-irradiation technology is 
at the pilot-plant stage (NU, June ’61, 23), formidable 
administrative barriers lie between irradiated potatoes 
and the market. However, Canadian clearance of irra- 
diated potatoes for human consumption has undoubtedly 
encouraged Conservatome, the French potato-irradiation 
group headed by Pierre Vidal. 

Atomic Energy of Canada, Ltd., meanwhile, an- 
nounced plans to irradiate 1-million Ib of potatoes this 
year. The Canadians started on-the-spot irradiation at 
harvest points in late October, using a $125,000 mobile 
unit equipped with a cobalt-60 source of 80,000 curies 
arranged on a line on a 50-in. rod. (The cobalt-60 
source and a dose limit of 10,000 rads were prescribed 
by Canada’s Food and Drugs Directorate.) The Cana- 
dians reported that the process, capable of irradiating 
2,900 lb/hr, was competitive with chemical preservation 
methods. 

British program. In still another ENEA development, 
British researchers from Wantage and the Cambridge 
Low Temperature Research Station reported that they 
are using 500,000 rad doses from their cobalt-60 source 
to kill salmonella bacteria in frozen whole eggs (NU, 
Wk, 2 Nov. 61, 5). They said a 600,000 source— 
operating continuously—would be necessary to sterilize 
12,000 tons annually. (Annual British consumption: 
30,000 tons.) However, at least five years to complete 
feeding experiments and obtain medical approval would 
have to precede a decision to market the eggs. 

Another British report, on grain disinfestation in Aus- 
tralia using a cobalt-60 source, described the process as 
economically infeasible because it would require 1-2- 
million curies. However, it said that particle-accelerator 
irradiation “looks competitive.” ENEA is querying 
grain-importing countries to determine their reaction to 
grain disinfestation by irradiation. ENEA also plans to 
publish a ‘state-of-the-art’ roundup based on all reports 
presented at the meeting. 





ENEA for Common U. S.-European Research 





A transatlantic program of advanced research was pro- 
posed in a meeting of the European Nuclear Energy 
Agency last month attended by 15 Western countries in- 
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cluding the U. S. and Canada. One of the proposals 
made in a report by Lew Kowarski, ENEA’s scientific 
adviser, could lead to international teams of researchers 
working on U. S., Canadian or European advanced-re- 
actor projects. ENEA’s top-level experts—for the most 
part heads or research chiefs of national atomic energy 
commissions—generally agreed that the international-team 
approach had merit, but felt that more preliminary talks 
were needed prior to establishment of a sefinite roposal. 
U. S. and Canadian delegates reacted- favorably to the 
idea, NucLEoNics learned. Three other Kowarski sug- 
gestions deemed worthy of further study were: 1. arrang- 
ing for all-European access to a reactor with a flux of 
10” or higher; 2. establishment of a reactor physics com- 
mittee along lines recommended by the European-Ameri- 
can nuclear data committee, to coordinate general studies 
of steady states and low-power kinetics in chain-reacting 
media; 3. to set up international cooperation in research 
on direct conversion—specifically thermionics and mag- 
netohydrodynamics. 


Germany to Order Nuclear Merchantman 





An order for construction of Germany's first nuclear 
merchant ship—the world’s second—is expected to be 
placed next summer with the Howaldt shipyard in Kiel. 
Official placing of the long-awaited order from the Asso- 
ciation for Nuclear Energy Utilization in Shipbuilding 
and Shipping (GKSS) in Hamburg (NU, Mar. ’61, 32), 
must await a out of detailed specifications by 
GKSS, to be completed by the end of this year; then 
Howaldt may have to make some design adjustments to 
meet the specifications, 

Construction of the $10-million, 15,000-ton bulk car- 
rier, which will be propelled by a 10-11,000-shp organic 
moderated reactor plant to be built by Interatom, is 
scheduled to start late in 62 for completion by 1964-5. 
Among the design details are a reactor plant refueling 
cask a autonomous replacement of fuel elements, as 
well as facilities to store used or damaged fuel elements 
aboard in safety. Replacement of the reactor has been 
provided for in the design which permits cutting out of 
the entire hull section housing the reactor. The Savannah- 
size research vessel, which will accommodate 75 crew 
members and 35 guests, is not expected to operate 
economically. 

Euratom contract. In a related development, Euratom 
signed a research contract with GKSS in late October 
as part of a five-year international nuclear ship research 
program (NU, Jan. ’61, 24) toward which Euratom will 
provide $1.7-million. The new contract covers improve- 
ment in mechanical strength of ship-reactor components, 
particularly fuel elements and control rods, under ac- 
celeration forces caused by ship movements. 


First USSR Nuclear Sub Now Operational 


Reports from a number of Russian newspapers indicate 
that Russia is now operating at least one nuclear sub- 
marine. The reports claim that the Russians have the 
world’s fastest “fleet” of nuclear submarines. Although 
Russia has been reported for at least four years to be 
building nuclear submarines, only these most recent re- 
ports have included alleged eyewitness accounts. One 
story, in Izvestia, obliquely described the power plants 
as providing 2,000 times the “capacity to run” a sub- 
marine with diesels and batteries. Meanwhile, the 
Russian nuclear-powered icebreaker Lenin made her 
second cruise across Arctic ship lanes, according to a Tass 
(Soviet news agency) report. 





25 





NEWS IN BRIEF 


AEC Postpones Reactor-Incentive Program 

AEC has shelved for at least a year the consideration of 
possible new incentives to encourage construction of 
power reactors. Reason, according to AEC sources: the 
unfavorable mood created in Washington over proposed 
generators for the Hanford New Production Reactor (NU, 
Oct. 61, 17). The AEC staff had almost completed its 
work on possible incentives when the NPR fight reached 
its peak; then, at the Commission level, it was decided 
to drop the project—at least this year. AEC Chairman 
Seaborg had said earlier (NU, June ’61, 17) that AEC 
was reviewing the entire reactor-construction situation 
and, “if we determine that financial incentives can give 
us the program we need to move ahead toward our 
national: objectives, we will make appropriate proposals 
to the Congress (early in 1962) as part of our fiscal- 
year 1963 authorization request.” 


AEC Adopts Conflict-of-Interest Regulation 
A new regulation barring ex-AEC employees from getting 
AEC business for two years after they leave the Com- 
mission has been adopted by AEC. Principal effect of 
the conflict-of-interest regulation will be to restrain 
resent AEC employees from doing business with some 
fenies AEC employees. In certain cases, however, an 
affidavit filed with the general manager stating areas 
where ex-employees had exercised control and responsi- 
bility over AEC matters will allow them to come before 
the Commission. But AEC business can be solicited by 
these now privately-employed former employees only in 
areas outside their former jurisdiction. 

The new regulation closely follows a suggestion made 
two years ago by Sen. Clinton P. Anderson (D-N. M.), 
former JCAE chairman, who was upset by the departure 
of high Commission staffers for high-paying jobs with 
nuclear industry. 

The five-man Commission considered several versions 
of the regulation this fall. One result of their delibera- 
tion was reduction of the period during which ex-em- 

loyees will be refused Commission contract business 
ae four to two years. There was also discussion on 
whether scientific and engineering personnel should be 
exempted. Despite arguments that, if they were not, the 
job of recruiting highly-qualified technical personnel for 
AEC posts would become adversely affected, the Com- 
mission decided to include them in the regulation 
coverage. 


First Plowshare Shot to Be Set Off This Month 


A 5-kiloton fission device, the first nuclear explosion 
(“Project Gnome”) in Project Plowshare, AEC’s program 
to develop peaceful uses for nuclear explosives, will be 
detonated Dec. 10, in a salt cavern 25 miles southeast of 
Carlsbad, N. M. The shot, which will be set off by AEC 
in a completely-contained 1,116 ft long horizontal tunnel 
1,200 ft underground, will be used in an attempt to de- 
termine: 1. the possibility of using stored heat for 
electrical production; 2. the possibility of producing 
radioisotopes (e.g., plutonium-238 used in Transit IV—A) ; 
3. measurements of neutron production; and 4. the 
amount and kind of rock sonal by such a device. AEC 
hopes to drill holes down into the salt and circulate 
water or another coolant through it to bring heat to the 
surface for steam production. 

Meanwhile, two significant developments since nu- 
clear-weapons test resumption have added impetus to 
Plowshare: 1. Congress increased its budget for this 
fiscal year from $6.5-million to $8.9-million—Project 
Gnome will cost about $5.5-million, including approxi- 


26 


mately $500,000 for the explosive device—and; 2. AEC, 
in reorganizing, gave the former Plowshare branch of the 
Military Applications Division full divisional status, under 
John S. Kelly. 


Rauth Out—and Up, Bennett In at Martin Nuclear 
Ralph D. Bennett has been appointed vice president in 
charge of Martin Co.’s Nuclear Division. The 61-year-old 
Bennett, formerly manager of General Electric’s Vallecitos 
Atomic Laboratory in Pleasanton, Calif., had been Martin’s 
’ a. director of re- 
search since last 
January. He re- 
places J. Donald 
Rauth, who has 
been named to 
the newly created 
post of director- 
coordinator of all 
Martin ICBM and 
space booster pro- 
grams. Since 
Rauth became 
general manager of the division in 1958, Martin has risen 
to a position of prominence in the nuclear industry. 


Opposition Mounting to Regulatory Transfer 

State and industry comments filed with AEC during 
recent weeks indicate growing opposition to AEC’s pro- 
posed regulation that would permit transfer of nuclear 
regulatory authority to the states. The opposition cur- 
rently is centered around two controversial provisions of 
the amendment: control over land disposal of radioactive 
wastes, and intrastate transfer of manufactured items con- 
taining radioactive materials. The controversy has 
jeopardized a pending agreement, under terms of the 
proposed regulation, that would permit Kentucky to 
assume regulatory authority (NU, Oct. 61, 26). Ken- 
tucky had assumed it would have authority over these 
areas but AEC has withheld a decision, pending com- 
ments from the public. 

It was principally on these two issues that the Southern 
Governors Conference went on record this fall opposing 
AEC’s transfer policy. Specifically, the 16 states repre- 
sented—including Kentucky—want qualified states to 
assume jurisdiction in both areas. The conference con- 
tends that the proposed AEC regulation would create a 
system of dual government administration over the same 
licensees, and would impair both the development of 
confidence in the states and in the radiation regulatory 
programs they are developing. 

Unfavorable comments. Other recent objections either 
to the pending AEC-Kentucky agreement or directly to 
proposed regulation itself—or to both—have been raised 
by the following states: New York (NU Wk, 2 Nov. ’61, 
6), Michigan, Oregon, Colorado, Tennessee and South 
Dakota. In addition, objections have been received by 
AEC from several industry firms who would be affected. 
In general, both industry and the states concur with the 
Southern Governors’ argument and also see probable con- 
flicts arising from differing regulations that various states 
would be empowered to enact. 

Meanwhile, the Atomic Industrial Forum, through its 
Federal-State Relations Committee, has been conducting 
a continuing study to determine if the proposed regula- 
tion can provide a practical working arrangement. A 
compromise under study at AEC would involve Federal- 
State reciprocity on regulation, so that a given company 
would not be licensed twice for the same activity. j 
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RADIATION NEWS 


Anton Heads New Nuclear-Instrument Firm 

A new nuclear-instrument firm has been founded by 
Nicholas Anton, former president of Anton Laboratories 
(now Lionel Laboratories—NU Wk, 1 June 61,4). Co- 
founder is Myron Youdin, former Anton vice president. 
The new company, Eon Corp., has filed a registration 
certificate with the Securities and Exchange Commission 
covering the proposed sale of 133,333 shares of common 
stock to raise about $1-million. Eon’s initials stand for 
electronic, optical and nuclear—the three areas in which 
the firm will market instruments. First instrument pro- 
duction is not scheduled until after Jan. 1. In the 
prospectus, Eon said it planned to produce “an advanced 
line of radiation detection instrumentation and radiation 
detectors for use in civilian defense, health physics and 
medical isotopic diagnosis and research. Other proposed 
products are instrumentation such as linear and 1g - 
rithmic amplifiers and period and rate meters and de- 
tectors such as proportional counters, solid state and 
liquid detectors and photon counters, for the oil well 
logging and nuclear power field. The company also ex- 
pects to apply for government research and development 
contracts.” More specifically, Eon’s plans include med- 
ical instruments using radionuclides; nonnuclear medical 
instrumentation; and a “complete line” of detection in- 
struments—including solid-state semiconductor-type .de- 
tector—which “copies nobody.” 


HVEC, Victoreen ‘Informal’ Partners . . . 

High Voltage Engineering and Victoreen Instrument 
have worked out an informal association to market a 
“package” concept in neutron activation analysis for those 
doing routine analyses, rather than research—for ex- 
ample, such things as analyzing batches from a produc- 
tion stream and routine laboratory analyses. Between 
them, the two firms would supply a complete activation- 
analysis system: HVEC supplying one of its Van de 
Graaff accelerators up to 3 Mev, associated neutron 
targets, sample-handling equipment and pee. 
and -moderation equipment. Victoreen would furnis 

detection, data-processing and display equipment. In 
most cases, the customer would deal with HVEC, as the 
accelerator manufacturer; HVEC would routinely specify 
Victoreen equipment unless the customer indicated a 
preference for something else. The arrangement is non- 
exclusive. 


. . « 2 Others Reach a Formal Arrangement. . . 
Nuclear Industries, Inc., has reached a marketing/finan- 
cial agreement with Digital Dynamics, Inc., Culver City, 
Calif., whereby DDI will get an undisclosed amount of 
capital; there will be an exchange of stock between the 
two firms; and NI will market all DDI products, which 
include: 1. a nuclear events dynamic analyzer (NEDA) 
for rapid analysis of blood circulatory phenomena in 
coronary, cardiac, and other studies where the pattern is 
constantly changing; 2. an analog recording dynamic 
analyzer (ARDA) for use with iodine-131 and other 
gamma-emitting isotopes in medical use; and 3. a gen- 
eral nuclear-laboratory counting system a 
analyzer, linear rate meter, scaler, power supply). 


. . « And 2 Others Discontinue Theirs 

Nuclear Research Corp. has discontinued its six-month- 
old marketing agreement with RCA wherein RCA had 
been marketing a line of NRC-manufactured process- 
control gamma gages. RCA felt, it is understood, that 
there would not be enough gaging business available in 
the next few years to warrant continuation of the arrange- 
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ment with Nuclear Research. NRC will market its own 
gages; however, RCA Service Co. will continue to service 
NRC gaging systems on customer’s option. 


DRD to Manage Radionuclide Power Generators 

AEC’s Division of Reactor Development (DRD) has won 
jurisdiction over the management of radionuclide power 
generators for all of applications. The Division of 
Isotopes Development (DID) had sought management 
of this entire area of nuclear technology at AEC on the 
ground that it could give more attention to radionuclide 
power than DRD. However, AEC’s new assistant gen- 
eral manager for research and development, Spoftord 
English, resolved the dispute by assigning development 
of the generators to DRD and of the radioactive sources 
to DID. Heretofore, each division had sponsored its 
own generator and source development. Under the new 
arrangement, a requirement for a radionuclide power 
generator would be assigned for development to DRD; 
it, in turn, would advise DID that it had a requirement 
for a certain type of source. 


Three Firms Report New Isotope Applications 
Three firms reported interesting new uses for radio- 
nuclides last month: 

1. Resources Research, Inc., has developed a radio- 
nuclide method for detecting life on Mars under a 
$140,000 NASA contract. The Washington, D. C. firm 
has developed a detecting device, using carbon-14, which 
will be placed in the capsule of Mariner B, scheduled for 
a Mars fiy-by in 1964. The study will be carried out by 
placing a carbon-14 compound, such as sugar, in a device 
with “tentacles” capable of digging into the surface of 
Mars. If bacteria are present, on or below the surface, 
they will take in the labelled compound, releasing a 
radioactive gas which will be measured on a Geiger- 
Mueller counter. The information will be radioed to 
the satellite, recorded on tape, and telemetered back to 
earth. 

2. Automation Industries, Inc., Torrance, Calif., has 
announced development of a new radionuclide technique 
for measuring fluid flow. The method is essentially a 
highly sensitive refinement of basic tracer techniques for 
accurate measurement of fluid volumes. Initially, Auto- 
mation is using iodine-131 and gold-198; other isotopes 
might be considered, as required, for compatibility with 
various liquids. Much of the instrumentation is a 
manufactured by Automation and the rest is purchase 
and modified to increase reliability and sensitivity. Con- 
tracts were being negotiated with major oil companies; 
the company hopes to install its measuring equipment at 
such installations as chemical plants, oil refineries and 
pipelines, and electric-power stations. The firm has 
established a new division—Isotech—to exploit the 
technique. 

3. Giannini Controls Corp.,.under a $500,000 feasi- 
bility study subcontract from Bell Telephone Laboratories 
(prime contractor to the Army for the anti-missile missile, 
Nike-Zeus), is exploring a radionuclide back-scattering 
and absorption technique for measuring the distance, 
density, mach number and angle of attack of high veloc- 
ity vehicles in outer space. Radionuclides aboard anti- 
missile missiles would send out a beam which would 
“bounce” from an enemy missile back to scintillation 
counters aboard the anti-missile missile. The Giannini 
device is one of several -.- considered by the Army for 
the Nike-Zeus program. e four-month-old feasibility 
study will be followed by a development contract—either 
with Giannini or another company after open bidding. 
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Finger Takes on Electrical-Propulsion Management 


Management of NASA’s electrical-propulsion program 
was assigned on Nov. 1 to Harold B. Finger, who already 
had a big assignment in management of the U. S. nu- 
clear-rocket program. At the same time NASA abolished 
an idestcteal eeeguliien group at Marshall Space Flight 
Center (NU, Sept. 61, 27) and designated Lewis Re- 
search Center the prime development laboratory for these 
systems. Lewis immediately embarked on a personnel- 
recruitment program and announced it would begin con- 
struction next year of its second electrical-propulsion test- 
ing facility—this second one a $15-20-million tank-type 
facility near the Plum Brook reactor which will have 
capability for testing complete systems, including power 
reactors, in a simulated ce environment. Lewis has 
had a research responsibility in electrical propulsion for 
some years but it is now charged with developing the 
complete systems and monitoring NASA contracts in this 
field with industry. 

Finger now has the following management roles: 1. 
director of the AEC-NASA Space Nuclear Propulsion 
Office (nuclear rocket); and 2. NASA director of nu- 
clear systems, which encompasses NASA's electrical- 
propulsion program— including SNAP-8, the first of these 

to use nuclear power—and the agency’s interest 
in nuclear power for other space applications (com- 
munication satellites, etc.). le Finger has manage- 





ment responsibility for the entire nuclear-rocket effort 
(reactor, engine and vehicle), he has no nuclear respon- 
sibility for either electrical propulsion or power supplies. 
AEC will continue to dovelag nuclear-power sources in 
both areas. There is a further division of responsibility 
in the LAME FH ut area; that is, the Air Force 


has a pro of its own to develop systems of the same 
size and asked AEC to develop appropriate power 
reactors (NU, Nov. ’61, 48). 

NASA Program. The assignment of electrical propul- 
sion to Finger constitutes an upgrading of this program 
within NASA; the agency has heretofore resisted a 
sizeable investment in this technology, most recently 
cutting its $5-6-million budget for advanced research- 
development in half. However, NASA officials expect 
a substantial increase in all phases of electrical propul- 
sion during fiscal-year 1963, which begins next July 1. 
Aside from the 60-kwe SNAP-8, which was programmed 
through 1965 some time ago, the major effort has been 
and will continue to be development of engine systems 
of 1-Mwe and hi ; AEC must develop the reactors 
for these systems but NASA has chief responsibility for 
the conversion and electrical-propulsion phases. It 
would like to be in a position to flight-test the first 
megawatt system in the late 1960's, at an estimated cost 
of $200-million. In the meantime, it is supporting a 
major research-development program at Lewis and a 
series of contracts with inheay on basic materials. 
Some of these contracts: 

Pratt & Whitney. rovement of heat-radiator 
capability by trying ode —- that would 
increase emissivity. Radiator size-and-efficiency is 
considered a major technical problem for large 
systems. 

M-B Associates, Walnut Creek, Calif. Initial design 
of a hypervelocity gun to simulate meteroids for radiator 
damage studies, etc. 

Battelle mee Institute. Studies of potassium 

ies in the 900—1,200°F. range. 
ye er Electric. Two phe 1. design and 
fabrication (by May 1962) of a 2-stage potassium tur- 


IN SPACE 


bine to operate at 1,600°F; and 2. development of liquid- 
metal bearings for high-temperature — 

General Atomic. Development of ermionic-cathode 
materials (for example, zirconium and uranium carbide) 
for operation at 2,300-2,400° kelvin. 


Spence Succeeding Schreiber on Nuclear Rocket 


Roderick W. Spence will succeed Raemer E. Schreiber 
as nuclear-rocket chief at Los Alamos Scientific Labora- 
tory (LASL) on jn 1. Schreiber has been promoted 
to succeed Darol K. Froman as technical associate 
director of LASL under Norris E. Bradbury; Froman 
will retire at year’s end. Spence has been alternate 
leader of N Division, under Schreiber, since 1955. The 
division’s principal development project has been the 
graphite reactor for nuclear rocketry. In an interview 
at the International Symposium on Aerospace Nuclear 
Propulsion—in Las Vegas in late October—Schreiber dis- 
cussed some of the things N Division might be doing 
after development of the Kiwi reactor. Within a year, 
he said, LASL h to turn over to the engine de- 
velopers, Aerojet General Corp. and Westinghouse Astro- 
nuclear Lab, a reactor which “will do the job” in the 
first nuclear-rocket engines. The lab will then go on to 
more advanced systems, probably concentrating on in- 
creasing the power density of Kiwi-type, solid-core re- 
actors (Project Phoebus). He did not rule out the 
possibility of going also to more advanced systems but 
said “this is longer range.” He also pointed out that one 
of the results of a successful Kiwi program during the 
next few months “hopefully will be support for going 


in the direction” of nuclear-rocket-booster development. 





Seaborg Pledges Space-Reactor Development 


AEC Chairman Glenn T. Seaborg pledged AEC in late 
October to develop large, high-temperature reactor sys- 
tems for auxiliary and electrical-propulsion power in 
outer space. He delivered the banquet address at the 
International Aerospace meeting in Las Vegas (see prev- 
ious story). Seaborg recognized officially what some in 
government and industry have been warning of for some 
time—that the U. S. was developing large rocket boosters 
and consequent payload requirements faster than the 
power supplies. “It is therefore,” Seaborg said, “that 
we concentrate even greater resources with an even 
greater sense of urgency on development of compact 
nuclear reactors.” He noted that the largest SNAP re- 
actor, SNAP-8, would not be operational before late 
1965 and only as a 60-kwe system. “Larger power 
sources, from several hundred kilowatts into the mega- 
watt range, will be available some years after 1965. On 
the other hand, booster rockets, payloads and missions 
will be available earlier.” With this situation unfolding, 
he said, AEC will embark on development of liquid- 
metal, fast reactor systems capable of delivering a mega- 
watt or more of power and, at the appropriate time, fast, 
thermionic systems of comparable power and lighter 
weight.” 

During a press conference preceding his speech, Sea- 
borg aula that AEC and NASA were oniie an in- 
crease of about 50% in the nuclear-rocket vats Sar for 
fiscal 1963; this year’s budget is $90-million. Seaborg 
said a substantial portion of the proposed increase would 
be spent by NASA, reflecting the growth of its engine 
and vehicle programs. 

Seaborg also insisted, in answering a question, that the 
expanding nuclear-weapons-test program would not be 
permitted to take people from the rocket program. 
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ECONOMY 


MODEL 20620 provides economical 
instrumentation for budget con- 
scious laboratories and laboratories 
requiring an additional 128/256 
channel analyzer for less sophisti- 
cated work 

Less than $5000.00 


For complete details request Bulletin A-3. 











RELIABILITY 


MODEL 20617 sorts by pulse heights 
or preset time into 256/512 chan- 
nels. Panel-mounted switch controls 
all operating modes. 


For complete details request Bulletin 20617 





FLEXIBILITY 
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GENERAL ATOMIC ANNOUNCES 


Opportunities 
for 
Scientists 


and Engineers 


Harnessing nuclear power for propulsion of large space vehicles is one 
of the many advanced programs underway at General Atomic’s John 
Jay Hopkins Laboratory in San Diego, California. This and other pro- 
grams directed toward the creation of more efficient and economical 
power production and conversion systems have resulted in career 
opportunities for scientists and engineers in the following areas: 


# EXPERIMENTAL PHYSICISTS-—for solid state and semiconduc- 
tor studies, acoustics, high vacuum systems, plasma devices, shock tube 
and high energy particle physics, photonuclear research, radiation 
effects, nuclear physics, high altitude studies. 


# THEORETICAL PHYSICISTS-— for solid state and atomic physics, 
plasma theory, and hydrodynamics. 


= REACTOR PHYSICISTS-—for reactor analysis and design, hazards 
analysis, and thermionic reactors. 


# CHEMISTS—for radiochemistry, fuel cell research, physical and 
nuclear chemistry, and activation analysis. 


# METALLURGISTS-—for analysis of structural materials for reac- 
tor systems, fuel cells, thermoelectric and super-conducting materials, 
high temperature corrosion and high vacuum work. 


s MATHEMATICIANS -—for scientific programming, numerical 
analysis, and systems analysis. 

® PROJECT ENGINEERS~-for engineering aspects of reactor 
design and development, electrical power and distribution systems, 
structural analysis, field liaison on heavy construction (both civil and 
electrical), and space vehicle and power plant design. 


s ELECTRONICS—for development of new devices, nuclear instru- 
mentation, dynamic analysis and control systems, and thermoelectric 
devices. 


Located in northern San Diego, the John Jay Hopkins Laboratory is 
the largest and most diversified privately owned nuclear laboratory 
in the world. In addition to nuclear space vehicle propulsion, other 
advanced programs include: high temperature gas-cooled reactors for 
electric power generation... beryllium oxide-moderated gas-cooled 
reactors for ship propulsion and other power applications... systems 
for the direct conversion of heat. to electricity ...controlled thermo- 
nuclear research... TRIGA reactors for training, research, isotope 
production, and medical and industrial uses... and basic research in 
the sciences. 

Facilities include a 45 Mev, 900 milliampere electron linear accel- 
erator, TRIGA steady state and pulse reactors, critical assembly facili- 
ties, a megacurie hot cell, high speed computing equipment and a 
3-megajoule condenser bank. There are over 150 individual labora- 
tories, as well as extensive experimental and fabrication facilities. 

Scientists and engineers interested in these new positions may send 
a resume to Manager of Employment, Dept. 246, PO. Box 608, San 
Diego 12, California. Most openings require U.S. citizenship. General 
Atomic is an equal opportunity employer. 


GENERAL DYNAMICS |GENERAL ATOMIC DIVISION 
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e WHAT percentage of cen- 
tral station power plants 
sold in 1970 will be nuclear? | 


WHEN will 25 compact 
military reactors be critical? 
1965? 1967? 


HOW MUCH will the AEC 
and NASA spend 


Q 
Q 
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that answers these and 
many other questions about 
the nuclear market. The fol- 
lowing markets are anal- 
yzed: 


@ Nuclear Navy 


@ Compact Military 
Power Reactors 


@ Nuclear-Energy-In-Space 


@ Central Station 
Power Reactors 


@ Major Components 


This market study is pub- 


NUCLEONICS Markets. 
If you are an executive, or a 
marketing or sales person 
and would like to receive 
this study and subsequent 
copies of NUCLEONICS 
Markets, write today to: 


NUCLEONICS 
Market Research Dept. 
330 West 42nd Street 
New York 36, N.Y. 
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1970? | 


| Our reputation rests solidly on a large and highly 
| trained staff that is engaged continuous 


for | 
nuclear-space programs in | | 


Look in the new NUCLE- | 
ONICS marketing report | 


| industrial hygiene. 


lished in the latest issue of | 


| and how to obtain a supply of specimen containers, 


| BIOASSAYS FOR HEALTH PHYSICS ... 
How 


| Bio-Science Laboratories 


Serves You 


In the Field of Health Physics 


| For 14 years, and on a national basis, Bio-Science Lab- 
| oratories has provided specialty services in analytical 


chemistry to the medical profession, hospitals, educa- 
tional institutions, government agencies, and industry. 


y in methodo- 
logic research and development in clearly defined areas 
of clinical and industrial medicine. 


| For some time our Section on Toxicology and Indus- 


trial Hygiene has provided urinary bioassay services 
to health physicists in Los Angeles area nuclear indus- 
tries. These services include analyses for BERYLLIUM, 
LEAD, MERCURY, THORIUM, URANIUM and 
many other elements and compounds of importance in 
Furthermore, urinary bioassays 
are offered for such materials as POLONIUM-210, 
RADIUM-226, STRONTIUM-90, TRITIUM, EN- 
RICHED URANIUM, AND MIXED FISSION 


| PRODUCTS. 


_ Here is how our service works: we furnish you, with- 


out charge, a supply of specimen containers ready for 


| mailing and with preservative where required. When 
| you have need for any of the tests we 
| tinely, you mail the sample to us prepai 


erform rou- 
, with what- 
ever instructions may be necessary. We complete the 
indicated tests as promptly as is consistent with accurate 
performance and send the results to you via air mail. 
In emergencies, reports are made by collect telephone 


| or telegraph. 


For detailed information on our services, a fee schedule, 


write to us on your company or institution letterhead 
. ask for Data File 412. There is no obligation, of 


| course. 


/BIO-SCIENCE LABORATORIES 


"The Unusual Laboratory . 


for 7 Tests" 


12330 SANTA MONICA BOULEVARD 


LOS ANGELES 25, CALIFORNIA HP-1 
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Reaching 


Your Customers 
In the International 
Nuclear Market 


20,000 subscribers throughout the world pay to read NUCLEONICS — the 
magazine with the largest paid circulation of all nuclear journals. 
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Of these 20,000 subscribers, 4,184 are located in 84 overseas countries — 
the largest non-domestic circulation of any nuclear journal. Outside their 
countries of publication, NUCLEONICS circulation leads all nuclear journals 
in each of the major nuclear marketing areas (see listing at left).* 


These 20,000 readers subscribe to NUCLEONICs for these three reasons: 
> NUCLEONICS is the world’s senior nuclear journal — established in 1947. 


> NUCLEONICS is the best, most complete source‘of information about the 
U.S. nuclear program — “must” reading for overseas nuclear technologists 
who want to keep abreast of U.S. nuclear activities. 


n 
wnNnow 


> NUCLEONICS has the largest fulltime editorial staff of professional special- 
ists of any nuclear publication — ten editors backed up by McGraw-Hill’s 
worldwide staff of 220 correspondents. 
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Advertisements appearing in NUCLEONICS reach your important customers. 
Make sure that your advertisement is among them. Contact your ‘local 
NUCLEONICS man to help you plan your advertising for 1962. 


* Circulation studies, comparison surveys and marketing information available upon 
request from your Nucleonics Sales Representative. 
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| WATER-COOLED TUBULAR CONDUCTOR 
... Vital weit of unique stabilizing winding for C Stellarator ! 


Phelps Dodge water-cooled tubular con- 
ductor is a critical part of the unusual helically 
coiled field windings being made and to be in- 
stalled in the experimental C Stellarator de- 
vice at Princeton University by Allis-Chalmers 
Manufacturing Company. 

The hollow conductor is extruded and drawn 
from high purity oxygen free copper. Set 
within the conductor is an off-center hole for 
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conveying a liquid coolant, needed to dissi- 
pate the intense heat generated by high cur- 
rents in the coils of the C Stellarator. 

Phelps Dodge has pioneered and developed 
the design and manufacture of off-center tubu- 
lar conductors. As a result, only Phelps Dodge 
produces these tubular conductors in a variety 
of shapes to fill a wide range of requirements. 
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DEVELOPING THE WORLD’S SMALLEST NUCLEAR REACTOR POWER PLANT 


In the next decade, man will enter the vast new world 
of outer space. An important factor in his ability to fully 
utilize this new environment will be auxiliary electrical 
power. Atomics International is developing SNAP (Sys- 
tems for Nuclear Auxiliary Power) reactors for the AEC 
which will generate many kilowatts of electricity, operate 
unattended for long periods in space and weigh only sev- 
eral hundred pounds. 

Compact reactor projects at AI provide challenging 
opportunities for engineers and scientists interested in 
contributing to the practical utilization of space. Positions 
are available in the following areas: 


Heat Transfer. Engineering analysis in the fields of heat 
transfer and fluid mechanics. Responsibilities will include 
systems engineering studies on the thermal, hydraulic and 
thermodynamic performance of advanced reactor systems. 


Systems and Control Analysis. Analysis and simulation 
of complete nuclear power plants to develop reliable, un- 
attended, automatic control and instrumentation systems, 
including reactor kinetics, dynamics, stability and thermal 
characteristics and reliability analysis. 


Reactor Analysis. Complete nuclear thermal and struc- 
tural analysis including criticality, flux and power distri- 
butions and fuel cycle analysis. 


Reactor Operations Evaluation. To establish detailed 
operating procedures, direct operations, and evaluate the 
performance characteristics of compact, lightweight 
nuclear systems for space applications. 


Metallurgical Development. Several years experience in 
the application and usage of high temperature radiation 
resistant materials, including the joining of these mate- 
rials. For application to the development of advanced 
lightweight control systems, pumps, thermoelectric gen- 
erators, etc. . 


Preliminary Design. Several years experience in reactor 
systems analysis and design with interest and ability in 
preliminary analysis and design of advanced nuclear sys- 
tems for space and terrestrial uses. 

Please contact: Mr. C. M. Newton, 

Personnel Office, Atomics International, 

8900 DeSoto Avenue, Canoga Park, Calif. 


All qualified applicants will receive consideration for employment without regard to race, creed, color, or national origin. 
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Hydraulic performance tests have been completed on the first 
mechanically-sealed pumps for primary coolant service of a 
central-station power reactor, and hot loop tests are under way 
at rated conditions. Built by Byron Jackson, these pumps are for 
Consumers’ Power Company’s new high-density nuclear power 
station at Big Rock Point, Michigan. 

One of the many unique design features: a mechanical seal 
cartridge assembly which can be removed for maintenance with- 
out breaking the main parting flange or removing drive motor! 





Byron Jackson Pumps, inc. 


ELE 
Subsidiary of Borg-Warner Corporation 
P.O. Box 2017, Terminal Annex, Los Angeles 54, California 
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RADIATION DETECTORS 
ALL SIZES AND SHAPES 


The greatly expanded radiation 
detector facility of Nuclear-Chicago 
designs and manufactures a wide 
selection of Geiger and BF; tubes. 
With many standard types and sizes 
to choose, the research scientist can 
usually obtain the right detector for 
his application without the cost of 
custom processing. Standard mica- 
end window tubes, cosmic ray detec- 
tors, halogen and organic quenched 
detector tubes, glass wall detectors, 
and liquid and gas flow detectors are 
all available. In addition, BF; gas 
proportional neutron detectors may 
be obtained in practically every size 
and shape. Their pressures range up 
to three atmospheres. All are sturdily 
constructed for long, rugged use. 


Typical of the variety of tubes 
available from Nuclear-Chicago are 
the four tubes shown above. The 
NC 103 Proportional Detector rep- 
resents a unique accomplishment 
among gas filled, thin end-window 
detectors because it can distinguish 
between alphas and betas. It is rated 
at more than 10’ counts without 
significant loss of resolution. NC 218 
is a large cosmic ray neutron detector 
having a guard ring insulator which 
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assures low background. NC 251 is 
a general purpose thermal neutron 
detector with a ceramic insulator 
and stainless steel anode for high 
temperature operation. NC 165 is a 
sensitive cosmic ray meson detector 
for use in cosmic ray telescopes or 
in anticoincidence shields. 

This representative sampling il- 
lustrates the extent to which our 
detector facility has progressed in 
providing the researcher with better 
radiation detectors. Write for fur- 
ther details on Nuclear-Chicago’s 
quality detector line. 





NEW AUTOMATIC 
DECADE SCALER 


Outstanding developments in more 
glamorous areas of radioactivity 
measurement have overshadowed the 
workhorse of the isotope laboratory, 
the nuclear scaler. Rarely is a new 
scaler promoted in advertisements. 
And yet — the versatility of most 
counting systems is directly related 
to the design features of the scaling 
instrument. 

Of the dozens of scalers available, 
Nuclear-Chicago’s new 202 Decade 
Scaler pictured above is the finest 
complete scaler. It is a fully auto- 
matic instrument for use with all 
G-M, scintillation, or proportional 
detectors. Note these features: (1) a 
non-overloading linear amplifier with 
input sensitivity from 1 mv to 2 v 
controlled by fixed precision attenu- 
ators, (2) a resolution time of 1 
microsecond, (3) six decades, (4) 
electronic timing to 100 minutes in 
increments of 0.01 minute, (5) both 
preset count and preset time con- 
trol, (6) pushbutton electronic start, 
stop, and reset, (7) regulated low 
voltage power supply, and (8) regu- 
lated high voltage supply variable 
from 500 to 5000 volts in two ranges 
with a precision ten-turn control. 

If you are considering an isotope 
laboratory or enlarging your present 


facilities, you should investigate the 
202 Scaler. We will be pleased to 
send full specifications. 


NEW READOUT 
VERSATILITY FOR 
AUTOMATIC 
SAMPLE CHANGERS 


An automatic sample changer is 
an investment which usually pays 
for itself in a short period of time. 
Day after day, it programs samples 
and collects digital or analog data 
for later use. However, an automatic 
sample changer is a poor investment 
if it is not combined with a readout 
system capable of providing all the 
needed data. 


The 202 Decade Scaler (described 
above) and new 8400 Digital Re- 
corder are an ideal combination for 
data readout. The digital recorder 
simultaneously prints sample index 
numbers with both time and count 
information. Once commanded to 
print by the scaler, the 8400 Re- 
corder supplies reset and start com- 
mands to the automatic sample 
changer connected to it. 


Thirteen predetermined time or 
thirteen predetermined count set- 
tings can be selected at the 202 
Scaler. A time/count control is pro- 
vided to command the 8400 Recorder 
to print when either the preset time 
or preset count is reached so that 
samples with low counting rates will 
not unnecessarily delay the count- 
ing cycle. 

All Nuclear-Chicago automatic 
sample changers can be programmed 
with the 8400 Digital Recorder and 
202 Decade Scaler. Detailed speci- 
fications on these instruments and 
on the complete Nuclear-Chicago 
line are contained in General Cata- 
log S, available on request. 


nuclear-chicago 
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345 East Howard Avenue, Des Plaines, Illinois 
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Characteristics of BERKELEY 


Location ® Berkeley, Gloucestershire, England 
Owner & Operator ® U 
Reactor-system design ® The Nuclear Power Group 
Construction; plant design © The Nuclear Power Group 
Output (Mw)-—thermal ® 565/reactor; 1,130 total 

net electrical © 138/reactor; 275 total 


Reactor Design Data 
(for each of two reactors) 
Pressure vessel 


Material : 


Outside height, i.d 80 ft; 50 ft inside cladding: 


Wall thickness Design pressure: 

Core 
Size 
Weight 


24 ft x 44 ft dia polygonal cylinder 
253 tonnes U, 2,000 tonnes graphite 


Fuel elements 


U rods in Mg tubes 
natl. 


Type Element, length: 
weight : 
U rod size: 


Cladding: 


Enrichment 0.7 * 
Number 3,275 vertical fuel- 

element channels; 13 
elements per channel, 
one atop another; to- Burnup, avg: 
U max. temp: 


Clad max. temp: 


tal 42,575 elements 


Control rods 


No., size, shape 132 1.75-in.-diam- 


Rod cladding: 
eter rods Withdrawal rate 
o5 5 ft 


4.25w/o boron in 


Absorber 


engtt 
Scram time 


materia 


steel 


Nuclear Design Data 

9.6 x 10'? n/cm?/sec 
10°? sec 

4.5% Ak/k (cold, clean 


eutron flux 


avg 
Thermal-neutron life 


Control! capability 


total rod worth 


Heat Transfer Data 
CO 


6.6 ft/sec (max Pressure drop: 


6,358 Ib /sec Steam: 
320°F 


653°F Turbine: 


} at 3,725-2,903 rpm 


Operating pressure 


K. Central Electricity Generating Board 


0.1-0.25% 
mild steel 
None (gas cools hot- 
test parts 

125 psig 


Si-killed 


24 in. 

17 Ib 

1.1 In. 19 in 
Magnox-A12 cans 
with fins 

3,000 Mwd ‘tonne 
1,022°F 

896°F 


dia x 


0.1-in. stainless steel 
0.433 in./min 
6 sec for 80°; 
tion 


inser- 


139 psia 

4 psi (core 
604°F at 
72 psia 
2/reactor 


310 and 


flow circulator/loop; each a-c circulator requires 3,800 
t pressure of 805 Ib/sec of 311°F 132.5-psia CO, by 


7.29 DS! 
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REACTOR VESSELS ot Berkeley, like those at Calder 

Hall and Chapelcross, are cylindrical (larger later 
reactors are in spherical vessels). With a cylinder it is 
easier to load fuel and vary fuel-channel length. For the 
same 3-in. vessel thickness, a 67-ft sphere would have per- 
mitted 10% greater pressure than the 50-ft-diameter 
cylinder, but the extra cost of fabricating a big sphere and 
a larger shield would balance out the benefit of extra 
power. After the 200-ton lower dome was welded to 


Refueling 
machine 







gether nearby and moved to its foundations (16 short 
“rolling” columns with rounded bearing surfaces that permit 
radial expansion when vessel temperature changes), steel 
lining for concrete biological shield was built (so vessel 
welding could proceed inside under shop conditions) and 
concrete shield was poured. Rather than massive 200—400- 
ton straddle cranes used to lift large vessel sections in 
place for all other UK reactors, for economy Berkeley 
builders used 15-ton monotower cranes, small plate sections 
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Fifteen broken Jan ' 1957, 


months after ground was 
he first boiler was lifted into position. By the end of 
March, 1959, the first reactor vessel had been stress- 


elieved and by June it was tested at 1 times design 


yressure. April, 1961, saw the beginning of systems checks, 
which included trials of warm steam and gas circuits and 
ests of refueling equipment. Fuel loading began August 12 
1 went critical August 27 with 744 chan- 
tonnes U) of 3,275 channels (232 tonnes) 
This first Berkeley reactor is expected to reach 


The 


and Berkeley No. 
rels loaded (52.1 
available 
full power early in 1962 second reactor will follow 
about six months later 

In December, 1956, the UK Central Electricity Generating 
3oard awarded the Berkeley design and construction con- 
ract to the consortium of Associated Electrical Industries, 
.td., and John Thompson Nuclear Energy Co. (which merged 
four years later with the Nuclear Power Plant Co., designer- 
nuilder of the Bradwell station, to form the Nuclear Power 
Sroup). This was only two months after the first of the 
alutonium-producing Calder Hall reactors went into com- 
but since then many modifications dic- 


nercial operation, 


the Line 


tated by Calder and Windscale experience have been 
included in the Berkeley reactors. For instance, the deci- 
sion to rebore the lower one-third of the coolant channels 
and add magnox sleeves was made in November 1958, 
after a progressive release of stored Wigner energy in 
an uninstrumented region caused a fire in the graphite of 
one of the air-cooled Windscale reactors. (Although since 
then the Wigner prediction for Berkeley has proved unduly 
pessimistic, the sleeves have been retained for cost and 
schedule reasons; but 243 thermocouples in the graphite 
permit continuing checks.) 

Other 


local thickening of biological shield, more thorough inspec- 


modifications since construction started include 
tion of pressure vessel plates and welds, additional instru- 
mentation (such as more thermocouples and temperature- 
data loggers with magnetic drum storage and printed 
output), sector temperature control by the control rods, and 
moderator pins to restrain graphite shrinkage. New 
control-rod scramming devices actuated by gas pressure 
will be installed early in 1962. 


delayed operation by a year and raised costs. 


Cumulatively, these changes 

















































From contro! room HEAT 87560 Ib/n 138 Mwie) — 
oe 
To control room i EXCHANGER 600°F 72-psia to grid 
: steam 22Mw (e) to 
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Cease Feedwater 
{ 70°F Hy eS heaters 
132-psio Circulators add 
320°F, 139 Sant! th) to CO, 
2 18.6 Mw (e) 
EACH REACTOR has eight coolant loops radially ar- circulate water in steam circuit. Two 85-Mwle) turbo- 
2 anged around the reactor in two sets of four (flow generators serve each reactor system. The boilers, each 
yuantities shown here are for one reactor). Each loop of which combines economizer, evaporator and superheater 
as a crossflow boiler (70 ft high, 17.5 ft diameter, 1'x in tubes in one shell, basically are similar to those at Calder 
vO 1 3,800-bhp blower with variable-speed fluid cou- Hall, but (except for the superheater banks) all steam tubes 
lings (p a pony tor and a flywheel), 5-ft-diameter have integral-rolled fins and the tubes are packed more 
juct f in ild-ste ; two pneumatically oper- tightly. As with all the British reactors, boilers are higher 
ited ft ation valves, drie ind 2 bypass filters than reactor so natural convection can remove 10% of 
w ft f w nned pumps __ full-power reactor heat if the carbon-dioxide blowers fail 
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3 A CONTROL ROD consists of 
a 4.25w/o-boron-in-stee! 
cast tube inside a stainless-stee! 
cladding tube. To absorb force 
of 80-ft accidental fall from 
charge face into reactor, impact 
would drive the protruding shaft 
into the rod center through the 
annular cutter 
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4 EACH FUEL ELEMENT con- 
sists of natural-uranium slug 
canned in helically finned magnox 
tube. Graphite struts support 
can between zirconium top and 
bottom brackets; to flatten flux 
radially, stainless-steel brackets 
replace zirconium brackets in 
central-region fuel elements 
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5 GRID THAT SUPPORTS graphite moderc 
structure rests on 16 roller-bearing assemb 
directly above 16 vessel main support columns; { 
center graphite stacks in core fasten to supf 
plates so they stay at vessel axis; all other stc 
rest on ball bearings on support plates, which hi 
radial keys to allow differential expansion; cr 
braced ring girders carry entire core assem 
Flexible seals between lower part of graphite st 
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xscape ~ 7 camaminan mre eo a _ fit ae 
»derator ture and vessel wall prevent any CO,» from bypassing 
semblies core, but to keep vessel wall below creep range 
ins; four ~110 Ib sec CO» diverts (above seal) into annulus 
support between vessel and steel liner that extends to center 
r stacks of top dome, from which point CO» exits with bulk 
ch have coolant gas; 80 thermocouples measure vessel tem- 
1; Cross perature so operators can adjust flow suitably during 
ssembly initial startup. Nozzles at bottom of low-flux coolant 
te struc- channels flatten temperature profile 



























































Descrir 


Like all the British nuclear power 
Berkeley has two reactors cooled by carb« 
moderated by graphite and fueled wit 
uranium. Both the two Berkeley 554-M 
the two Bradwell 531-Mw(th) reactors 
giant intermediate steps from the eight 2( 
Calder Hall and Chapelcross reactors to 
800—1,000-Mw/(th) reactors being built a 
Point, Trawsfynydd, Dungeness and § 

Viewed in perspective, the Berkeley ¢ 
well advances over Calder now appear mc 
pared with the sophistication that is fol 
later designs as this uniquely British res 
evolves. But the technology jump is re: 
Although Berkeley is the smallest and 
conservative of all designs after Calder ( 
only station to stay with cylindrical reacto 
it 
®*went from 2-in.-thick plate—consi 
maximum for on-site vessel fabricati 
Calder was being built—to 3-in. plate so 
pressure could be boosted 25% 
® raised fuel cladding temperature a cri 
(to 806°F) 
*and boosted steam pressure 66% (to 3 
606°F). 

With this system and 149 psia carbo 
pressure Berkeley achieves a 24.75% the 
Berkeley 
machines for refueling while the reactor is ¢ 


ciency against Calder’s 18%. 


Reactor Vessel and Shielding 


Operation as hot as 650°F and prev 
brittle fracture during or after field fabri 
volve conflicting requirements. But ¢ 
killed mild steel (1.59 Mn, 0.1-0.25° 
maximums of 0.16% C, 0.05% S, 0.05% I 
creep properties and a ductile-brittle 
point that is low enough for on-site we 
ultimate tensile strength is 56,000—64,0( 

In June, 1957, after most of the concer 
had been built, tightened radiological 
made it necessary to thicken the concret 
principally in the reactor building (to 8 
the blower houses 


Core Structure 


Fuel elements are stacked vertically 
1-in.-diameter coolant channels bored 
vertical axes of the graphite moderator b 
channels are on an 8-in. square pite 
13/,-in.-wide %4-in.-deep keyways cut 
channels receive the fuel-element suppc 
To accommodate control rods, neutron 
and sources, 3!4-in.-diameter vertical chg 
formed by quadrant fillets machined fron 
rounding bricks. 

The moderator-reflector lattice consists 
97,000 pieces of graphite of 400 differe 
machined from extruded blocks 8.55 in. 


Description of BERKELEY | 


like all the British nuclear power stations, 
rkeley has two reactors cooled by carbon dioxide, 
xlerated by graphite and fueled with natural 
nnuium. Both the two Berkeley 554-Mw(th) and 
» two Bradwell 531-Mw(th) reactors represent 
lit intermediate steps from the eight 200-Mw/(th) 
| ler Hall and Chapelcross reactors to the eight 
}-1,000-Mw(th) reactors being built at Hinkley 
Dungeness and Sizewell. 
iewed in perspective, the Berkeley and Brad- 
advances over Calder now appear modest com- 
ed with the sophistication that is following in 
r designs as this uniquely British reactor type 
But the technology jump is real enough. 
hough Berkeley is the smallest and the most 
hservative of all designs after Calder (it was the 
\ station to stay with cylindrical reactor vessels), 
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tie fracture during or after field fabrication in- 

conflicting requirements. But 3 silicon- 

“1 mild steel (1.5% Mn, 0.1-0.25% Si and 
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properties and a ductile-brittle transition 
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) June, 1957, after most of the concrete shield 
been built, tightened radiological standards 
it necessary to thicken the concrete shield- 
ipally in the reactor building (to 8 ft) and in 
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e Structure 


uel elements are stacked vertically 13 high in 
diameter coolant channels bored along the 
al axes of the graphite moderator bricks (the 
square pitch). Two 
‘4-in.<leep keyways cut down the 
els receive the fuel-element support struts. 


ineis are on an *-1n 
-in.-wide 
commodate control rods, neutron detectors 
3! ,-in.-diameter vertical channels are 
wd by quadrant fillets machined from four sur- 
ving bricks. 
be moderator-reflector lattice consists of about 
ite of 400 different shapes 
chined from extruded blocks 8.55 in. square by 


ources, 


4) pieces of graph 


32 in. high). The graphite bricks are stacked in 
11 layers with horizontal layers of graphite tiles 
between brick layers. 
ing through gaps in the stack, the moderator bricks 
are rotated 2 deg with respect to the tiles. At each 
tile layer and at the top and bottom reflector layers 
tubular tie-bars link together around the periphery 
of the graphite stack to hold it together radially; so 
the linkage will have the same thermal expansion 
as the graphite, some tie-bars are mild steel and 
others are stainless steel. 

Calder and Harwell data showed that graphite 
shrinks at the higher temperatures expected at 
Berkeley. Thus in July, 1959, it was decided to 
remachine the Berkeley bricks extensively and to 
pin the tiles in the higher flux regions with zirco- 
nium rods to prevent distortion and gas leakage 
between bricks when the graphite shrinks. 


To prevent neutron stream- 


Control Rods and Drives 


A pressurized motor above the shield raises and 
lowers each control rod. The motor, mounted on 
a standpipe flange, turns a winding drum containing 
the steel hoisting cable by means of a shaft that 
passes through the upper shield. Of the 132 con- 
trol rods in each reactor, 20 are safety rods (1% 
Ak/k in group), two other groups (56 rods in each) 
serve as regulating rods. To dampen radial flux 
instabilities due to burnup and xenon buildup and 
to hold average channel gas outlet temperature con- 
stant regardless of power level, in March, 1958, it 
was decided to have separate control loops regulate 
control-rod positions independently in a central and 
eight radial sectors of the core. Each zone has an 
automatic controller that receives signals from one 
of two groups of thermocouples (312 on fuel chan- 
nels in each reactor) in the zone and transmits im- 
pulses to the zone regulating rod. The thermo- 
couple groups produce two average-channel outlet 
gas temperatures that are referenced and then the 
highest passes to a control unit in which integral 
and derivative terms are incorporated to modify 
the loop transfer function. Variations in controller 
output are converted to pulses that power regu- 
lating-rod actuators. 

To change plant and reactor power output the 
operator at the central control panel changes blower 
speed so as to vary the amount of carbon dioxide 
circulating through the system. Then the control 
rods automatically move to hold carbon dioxide 
inlet and exit temperatures constant, and steam 
pressure changes to keep turbine speed constant. 

Load can be changed 4°%/min without causing 
harmful thermal shock to any component. 

During 1962 new backup scram circuits will be 
installed to shut the reactors down if coolant pres- 
sure changes rapidly (CEGB authorized these cir- 
cuits in December, 1960). The rod-drop initiators 
at the top of each control rod will consist of a sensi- 
tive bellows into which carbon dioxide from the 


reactor can pass through a restrictor orifice. 
Quick pressure rise will expand the bellows, releas- 


ing the claw that supports the control rod. 


Fuel Elements 


To stay below uranium alpha-beta phase change 
at 1,220°F and to allow margin for hot-channel fac- 
tors and normal reactor transients, the fuel ele- 
ments are designed so that their centers will not 
exceed 1,022°F. Although tests show that the fuel- 
element materials can satisfactorily withstand a 
cladding temperature of 896°F or 
standpoints of oxidation, creep, grain growth of the 


more (from 


magnox cladding and the swelling and phase 
changes of uranium), 806°F was used for design. 

From an economic standpoint fuel burnup must 
be at least 2,500 Mwd/tonne, which is considerably 
greater than achieved in the plutonium-producing 
Calder Hall and Chapelcross reactors. When the 
Berkeley fuel elements were first designed the ura- 
nium was expected to lengthen only 5% during 
operation. But radiation-damage tests by Novem- 
ber, 1957, showed that more swelling could be 
expected, so the graphite struts and top cap and 
guide were redesigned to accommodate 20% swell- 
ing (nose guide is free to rise by sliding in slots in 
graphite struts; magnox support that also fits into 
slots prevents cartridge bowing). 

Because most pinhole failures of the Calder Hall 
fuel elements occurred in the cap weld, improved 
welding methods were developed for Berkeley. 

To check cladding temperatures during reactor 
operation, 354 thermocouples attached to selected 
fuel elements connect through spring-loaded con- 
tacts on the frame to permanent compensating 
leads in the graphite moderator. 


Refueling 


Berkeley and Bradwell reactors will be the first 
in the UK whose fuel can be loaded and unloaded 
while the reactor is operating at full power and 
pressure. Plans are to reload ten channels per 
week (13 fuel elements per channel) by 1963. Fuel 
elements are loaded and unloaded through 54 
standpipes (on a 32-in.-square lattice) that extend 
from the top of the 11-ft-thick biological shield 
down through the reactor vessel to the top of the 
graphite core 40 ft below. Each standpipe and its 
gas flapper valve serve 64 fuel channels. 

With one chute and two refueling machines for 
each reactor up to eight channels can be refueled in 
Although plans were to 
increase average burnup by axially shuffling the 13 


each reactor per day. 


fuel elements in every channel, the chance of dam 
aging the elements by this extra handling has dis- 
couraged this plan. 





REPRINTS of this and earlier foldouts and the 
entire collection om a Microcard are avail- 
able—Readers’ Service Dept., NUCLEONICS 














What 
Have We 


Learned? . 


Health Physics at SL-1 


From first-hand experience at SL-1 we can evaluate our ability to deal 


with nuclear accidents. 


‘eee #3: 
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For the future we must have larger-range 


detectors and better methods for handling radioactive casualties 


by JOHN R. HORAN and C. WAYNE BILLS 


Health and Safety Division, AEC Idaho Operations Office, Idaho Falls, Idaho 


AT THE SL-I ACCIDENT earlier this year, 
health physicists encountered many 
‘firsts’ in health-physics operations 
and Moreover they 
were able to evaluate how well their 


management. 


preplanned program worked in a nu- 
clear disaster area and what improve- 
ments they must make. The experi- 
ence of the rescue crews working in a 
highly contaminated environment point 
out the following important facts about 
existing health-physics techniques. 

® Preplanned program worked well. 
Although there is, of course, room for 
improvement in existing health-physics 
techniques, the preplanned operation 
allowed rescue crews not only to enter 
the reactor room where radiation levels 
were 500-1,000 r/hr, but also to re- 
move the bodies of the three men killed 
in the accident without further injuries 
or casualties. Moreover the radiation 
exposures that members of the early 
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rescue crews received will not keep 
these men from working in any nuclear 
programs in the future. 

* But we must improve. In particular 
the SL-1 disaster points up a void in the 
preplanned technique for dealing with 
highly radioactive casualties. In addi- 
tion the rescue crew that originally 
arrived on the scene was not equipped 
with instruments that recorded radi- 
ation levels above 500 r/hr. Conse- 
quently the crew could not determine 
the extent of the radiation in the reac- 
tor room box on Page 44 for 
improvements). 

®*We learned from experience. 
From the SL-1 disaster we not only 
gained valuable practical health-physics 
experience, but also were able to analyze 
our preparedness and ability to handle 
nuclear accidents in the future. More- 
over we gained confidence in dealing 
with nuclear emergencies. 


(see 


Preplanning Pays Off 


In responding to the SL-1 fire alarm— 
potentially involving radiation hazards 
—the division followed its preplanned 
emergency health-physics program as 
its fire trucks rolled toward the Army 
Reactors Experimental Area on that 
first Tuesday evening in January. 
This program, set up by the AEC 
Health and Safety Division at Idaho 
Falls, (see Box on page 46) not only 
provides equipment to deal with acci- 
dents but also outlines the basic pro- 
cedures and responsibilities needed to 
cope with all kinds of emergency situ- 
ations—plant incidents, natural dis- 
asters, enemy attack or security alerts. 

An important part of the program 
is a general notification system that the 
Health and Safety Division uses not 
only to request on-site, off-site or off- 
duty health-physics assistance, but 
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FIG. 1. 


also to notify downwind facilities of an 
accident after determining meteorologi- 
cal conditions. The IDO fire depart- 
ment used this system when at 9:02 p:m. 
on Jan. 3 they requested health-physics 
assistance from Phillips Petroleum 
Company at MTR. The program also 
sets up a field headquarters complete 
with decontamination and counting- 
trailer facilities; this field station 
reports directly to a headquarters con- 


CONTAMINATION TO ENVIRONMENT was small since 
major radiation was confined to reactor building 


FIG. 2. 


trol group. In addition, through dis- 
cussions of plans for action, reviews of 
possible incidents and field responses to 
simulated accidents, the radiological 
assistance plan develops the response 
capability of the AEC and its con- 
tractors. This program provides 30 
people trained in health physics and 
medical practices to deal with emer- 
NRTS. Preplanning also 
set up exposure guides for workers in a 


gencies at 


SUMMATION OF DOSE RATES AT FENCE shows half 
life of ~36 days indicating long-lived fission products 


disaster allowed a_ 100- 


roentgen dose to a man trying to save 


area: they 
a life and a 25-roentgen dose for a man 
protecting valuable property (Table 1). 

The importance of this preplanning 
became evident when the fire depart- 
ment answered the alarm from the re- 
actor. For example, although the 
SL-1 site was kept locked instead of 
having a 24-hr guard, the IDO security 
and fire department could quickly enter 





The most valuable health-phys- 
ics information from the SL-1 
accident comes from analyses of 
our ability and preparedness to 
handle nuclear accidents in the 


What we should do .. . 


What We Learned and How We Are Improving Health-Physics Techniques 


future. Although we had _ re- 
viewed many hazard reports and 
had discussed the worst possible 
accidents at NRTS, we found at 
SL-1 that our actual health- 


Therefore ... 


physics preparations were inade- 
quate in several areas. In the 
table below we have listed some of 
these inadequacies as well as the 
improvements we are making. 





® Improve our ability to handle radioactive casualties 
so that personnel will not be exposed to large doses. 


® Maintain more emergency equipment—easily avail- 
able—on a standby basis; in particular, we should in- 
crease the range of deteciors and keep a larger supply 
of full-face masks. 


® Have more trained health-physics personne! at dis- 
aster site earlier. 


® Increase fire department training in health-physics 
practices. 


®Evaluate whether fire department officers should 
wear alarm dosimeters. 


® Establish better control at roadblock. 


® We should have available concrete vaults for trans- 
porting contaminated bodies. Also we are evaluating 
remote decontamination and surgical equipment for 
handling casualties. 


® We are increasing amount of emergency equipment 
and are supplementing 500-r/hr-range gamma de- 
tectors up to 5,000-r/hr-range detectors. 


® We have taken responsibility for establishing field 
headquarters away from health-physics group so they 
will be freer to go directly to disaster site. 


* Our fire department personnel are receiving more 
health-physics training. 


® We are testing and evaluating alarm badges. 
* By having better control we can reduce exposures, 


insure film-badge coverage of all personnel and prevent 
spread of contamination. 
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FIG. 3. 


the reactor area at the gate house be- 
cause preplanning had provided them 
with a key to the enclosure. The men 
were also equipped and trained to make 
radiological survey checks when they 
entered areas without qualified health- 
physics coverage even though in this 
case they did not realize that a reactor 
Preplanning 


had provided all roving security patrols 


iccident had taken place. 


with direct survey instruments and the 


fire department with 500-r/hr-range 
Jordan Radectors 

When the men reaching the stairs to 
the reactor room found dose rates of 


~10 r/hr they had the first evidence 
that a major accident had taken place 
inside the reactor compartment. Since 
pretraining had emphasized that ex- 
posures must be kept to a minimum 
and qualified health-physics assistance 
radiation is 
high, the firemen waited outside the 
building until health physicists ar- 


rived from MTR and they could plan 


must be secured when 


their next moves 

Disaster plans at Idaho Falls. 
While the group made its plans, the 
evidence of large radiation levels had 
set a ast 


organizational plan into 





TABLE 1— Exposure Guides in Early 
SL-1 Recovery Efforts 


Date Guide 


100 r for life-saving missions 
>100 r at 


Jan 

discretion of senior 

health physicist 

25 r to prevent major property 
loss 

{ <12r to recover second body 

5 Up to 10 men to receive <10r 
in recovering third body and 
decontaminating bodies 


3 r for all other operations 


HEALTH PHYSICISTS MEASURING GAMMA COUNT 


from sagebrush found no appreciable contamination 


action 40 miles away at the AEC head- 
quarters in Idaho Falls. Key people 
were notified, and the NRTS emer- 
gency and disaster plan went into 
action. At 10:25 p.m. the director of 
Health and Safety called a Class I dis- 
aster; this is an emergency in a single 
area that involves much property and 
personnel! but can be controlled by peo- 
ple in the area with standby assistance 
from the NRTS fire department, medi- 
cal and health-and-safety personnel. 
As it is defined, a Class I disaster 
actually applies to a larger facility than 
SL-1 at which the contractor keeps 
more men even during off-shifts who 
can help control an accident. There- 
fore at SL-1 additional contractor per- 
sonnel including Army cadre men 

recruits in training at SL-1 under the 
had to 
be called in to assist at the emergency 


supervision of the contractor 


operations. 
What were hazards? With the 


FIG. 4. TO KEEP EXPOSURE TO MINIMUM when removing 
bodies crew near reactor used protective clothing and shields 


death of the only survivor of the acci- 
dent at 11:14 p.m. the early emergency 
phase of operations ended and the 
crews could pause, take stock of the 
situation and make plans for recovering 
the remaining two bodies in the reactor 
room. They started with two clear-cut 
problems at hand: first, decontamina- 
tion of early entry teams and evalu- 
ation of their doses; second, evaluation 
contamination and 
establishment of the control 
around SL-1. In this phase health- 
physics workers from all NRTS con- 
tractors began to arrive at SL-1 and 


of environment 
area 


were given assignments. 

One administrative problem arose as 
a result of our using help from these 
outside groups; many of the organiza- 
tions had different criteria 
and, therefore, the range of total per- 
missible exposures for each individual 
as outlined by the respective manage- 
ments ranged from 60 mr/day to 25 


exposure 





NU Wk, Jan. 26, 1 
NU Wk, Feb. 2, 1 
NU Wk, Feb. 9, 2 
NU Wk, Feb. 23, 3 
NU, March, 30 
NU Wk, April 6, 1 
NU, May, 17 





NUCLEONICS and NUCLEONICS WEEK Cover SL-1 


Five feature articles cover the events of the accident; one is based on on-the- 
spot coverage by a NUCLEONICS editor. 


Explosion at SL-1 Kills Three, First Reactor Fatalities, NU Wk, Jan. 5, 1 
SL-1 Inquiry Proceeds Slowly; Cause of Accident Still a Mystery, 


SL-1 Explosion Kills 3; Cause and Significance Still Unclear, NU, Feb., 17 
AEC's Pittman Reports on the SL-1 Accident, NU March, 62 

SL-1 Radiation Down Sharply After Cleanup; Remove Vessel? NU, Oct., 22 
For background: ALPR on the Line, Reactor Foldout No. 7, NU, Jan., ’59. 


In addition, the following shorter articles have appeared in our pages: 


NU Wk, Jan. 12,1 


NU Wk, May 11, 2 
NU, June, 26 

NU Wk, June 15, 2 
NU, July, 22 

NU Wk, Aug. 17, 4 
NU Wk, Sept. 7, 3 
NU Wk Sept. 14, 2 
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roentgens over an indefinite period of 
time. In part this discrepancy was 
due to the different amounts of contact 
with radiation that a man had either 
received or was likely to encounter in 
hisown job. In our selection of groups 
of men for jobs involving radiation 
hazards we considered the ages of the 
men anc chose older men whenever 
possible. 

Evidence obtained during the phase 
assured us that no immediate danger 
existed from exposure of the early 
rescue teams or from contamination to 
theenvironment. This evaluation was 
based on the following: 
®The maximum whole-body gamma 
exposure to members of the early rescue 
team was 27 roentgens (Table 2). 
© Despite existing inversion conditions, 
contamination to the environment was 
slight (Figs. 1 and 2). 
® Air samples collected at the fence 
around the site and at the control point 
gave concentrations of I! <10-° 
ue/em$, 

* Aerial and biological monitoring 
early on Jan. 4 confirmed these small 
contamination concentrations beyond 
the SL-1 area (Fig. 3). The largest 
activity—125 cps above a 200-cps back- 
ground—detected by the first aerial- 
monitoring flight was ~3 miles south- 
west of the reactor site. The gross 





TABLE 2—-SL-1 Exposures >5r Through 
Jan. 9 





Thyroid 
dose 
from 
pu 
(rads) 


trating 

radia- 
tion 

(roent- 


Individual gen) 





AEC health physicist 

Contractor supervisor 

Contractor supervisor 

Contractor supervisor 

Contractor health 
physicist 

AEC project officer 

Cadre supervisor 

AEC physician 

AEC nurse 

Support patrolman 

Support health physicist 

Cadre supervisor 

Support health physicist 

Army support 


to to te te 
7 


oorsi J 


* Estimated exposure. 


gamma count from sagebrush in the 
same area was <50 times background. 


Recovering Bodies 


During Phase 3—recovery of the 
bodies of the two remaining crew mem- 
health physicists set an exposure 
guide to workers in which ten men 
would be allowed to reach 10 roentgens 
during the rescue work (Table 1). For- 
tunately because of carefully planned 
and executed team work this limit was 
To minimize the expo- 


bers- 


never reached. 
sures three two-man teams were organ- 
ized to go in the reactor room for not 
more than 1 min each to recover the 
body. All the teams were 
staffed by Army cadre men who knew 


second 


the facility; thorough briefings gave 
them clear pictures of their missions. 
Fortunately only one two-man team 
was actually used inside the reactor 
building. 

Because of this careful planning, the 
first two-man team, which retrieved 
the first body and descended midway 
down the stairway within the allotted 
minute, received whole-body exposures 
of only 9 and 4 roentgens respectively. 
Although there were areas on the vic- 
tim’s body that gave 500-r/hr readings 
at ~1 ft, the which 
carried the body as far as the gate 
house, received only 260 and 305 mr, 


sec mynd crew, 


respectively. 

To reduce the radiation levels inside 
the cab of the ambulance that carried 
the bodies to the decontamination room 
at the Idaho Chemical Processing Plant, 
the crews removed the clothing from 


both bodies. Although the clothing 
was wet and very contaminated, re- 
moving it did not greatly reduce the 
general radiation field because of the 
gamma-emitting particles imbedded in 
the bodies by the explosion. There- 
fore the men improvised lead coats as 
partial shieldings for the bodies; the 
fireman driving the ambulance the 11 
miles to the plant received only a 
180 mr dose. 

An eight-man medical monitoring 
team from Los Alamos Scientific Labo- 
ratory helped physicians from NRTS 
decontaminate the bodies to 1-10% 
of their original levels. This team was 
a great boon to IDO since by turning 
over the important decontamination 
job to someone else, the health physi- 
cists in the Health and Safety Division 
could give their undivided attention 
to other jobs at the disaster site. 

Similar health physics practices were 
used during the photographic, TV and 
other entries connected with removing 
the third body (Fig. 4). During these 
operations the crews received exposures 
in the range of 2-6 roentgens. 

After the recovery of the third body 
health-physics responsibilities were 
gradually shifted from the Health and 
Safety Division back to the health- 
physics staff of Combustion Engineer- 
ing, the operating contractor for the 
reactor. Since that time their general 
duties have been to give health-physics 
support to the remote operations for 
the SL-1 recovery program. In late 
May these responsibilities were handed 
over to Electric, the SL-1 
decontamination contractor 


General 





Division. 





What the Health and Safety Division Does for NRTS 


To grasp fully the significance and scope of the health-physics program that 
went swiftly into operation at SL-1, one must understand the unique position 
held by the Health and Safety Division in the entire AEC complex. 
the situation at other sites where contractors take over much of the health- 
physics operations, it is the job of the division to develop, coordinate and main- 
tain an effective program for conventional safety and radiological safety at 
NRTS. By taking over this program the division avoids any confusion that 
might result if the seven operating contractors and varying number of con- 
struction companies at NRTS organized independent operations. 
with its program, the division provides film-badge services, portable survey 
instruments, fire protection, industrial medicine and bio-analysis although the 
responsibility for providing common services varies with the installation size 
and the extent of the operating contractor’s health and safety programs. 
Moreover the division provides environmental monitoring outside the immedi- 
ate fenced area surrounding each reactor site; the contractors help man the 
Region 6 radiological assistance teams administered by the Health and Safety 


Unlike 


In connection 
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Magnetic Field H 


in which hyperfine-structure constant A has value corresponding 
to situation in which free electron occupies 1s atomic orbit of each 
of three hydrogen atoms in molecule 4% of time 


FIG. 1. ESR SPECTROMETER shown in block diagram probes 
hyperfine structure of methyl radical (trace at right) in solid argon 
at 4.2°K. Trace is adequately described by Eq. 5 in Appendix 


Electron-Spin Resonance 
Identifies Radiochemical Species 


Through their absorption patterns of microwave energy unknown 
radiochemical intermediates reveal their hyperfine energy-level 


structures which provide valuable clues to their identities 


by EDWARD L. COCHRAN and FRANK J. ADRIAN 
Applied Physics Laboratory, The Johns Hopkins University, Silver Spring, Maryland 


(ESR) 


in recent years, be- 


[;LECTRON-SPIN-RESONANCE 
techniques have, 
come increasingly useful in radiation 
research as a means of identifying para- 
involved in radio- 

ESR [also called 
electron paramagnetic resonance 
(EPR)] is in essence a way of detecting 
unpaired electrons through their inter- 


Thus all 


possess 


magnetic species 


chemical reactions. 


action with a magnetic field. 

radiation that 
unpaired electrons can, in principle, be 
this method. These in- 
species as free radicals, 


intermediates 


studied by 
clude such 
radical ions, 


free electrons, 


negative 
states, 


positive and 


triplet excited 
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and electrons more or less stably 
trapped in crystals. 

An atom or molecule with an un- 
paired electron, when placed in a strong 
magnetic field, exhibits a hyperfine 
energy-level structure, which can be 
described for most situations of interest 


(see appendix) by the expression 


W(M,, Ms) = M sgsBH - M 1gi8wH o 
+ [A + B(3 cos? 0” —1))M;iMs (1) 


Here W is the energy difference with 
respect to the unperturbed state; Ho is 
the external field; and @y is the angle 
between the external field and the axis 
of symmetry of the electron charge 


distribution; M; and Ms are the mag- 
netic quantum numbers of a nuclear 
spin J and the electron spin S. The 
remaining quantities are constants de- 
fined in the appendix on Page 49. 

In Eq. 1 the first two terms on the 
right hand side are the contributions 
from the interactions of the electronic 
and nuclear spins separately with the 
magnetic field. The third term comes 
from the interaction between the two 
spins xnd contains both an isotropic 
part and an anisotropic part. 

On the basis of Eq. 1 we can dis- 
tinguish three types of ESR spectra, 
each of which has been important to 
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the study of the effects of high-energy 
radiation: 

@ single-crystal spectra. The indi- 
vidual paramagnetic species are all 
oriented in the same way by the crystal 
field, and A + B(3 cos? @y — 1) has a 
different value for each orientation of 
the crystal in the magnetic field. 

@ polycrystalline solids and glasses. 
The various paramagnetic species are 
randomly oriented relative to the mag- 
netic field. Here hyperfine structure 
is due to A in Eq. 1 with the aniso- 
tropic term contributing only to line 
broadening. 
e fluid-media spectra. The quantity 
(3 cos? 6g — 1) is averaged to zero by 
the rapid tumbling of the paramagnetic 
species resulting in a sharp-line hyper- 
fine structure contributed by A alone. 


Experimental Technique 


One investigates the magnetic energy 
level structure of an unknown species 
by subjecting the sample to an a-c elec- 
tromagnetic field. A resonant increase 
in the energy absorbed occurs when the 
a-c frequency corresponds to the energy 
difference between an appropriate pair 
of levels (see appendix). From Eq. 1 
the frequencies for the transitions 
(AM, = 1, AM, = 0) are 


hv(M,) = 98H. 


+ [A + B(3 cos*@y — 1)|M; (la) 


ESR detection is more sensitive the 
higher the frequency used for observa- 
tion (see appendix). The size and 
availability of microwave components 
have limited most ESR work to fre- 
quencies around 9,000 Me with the 
corresponding magnetic fields around 
3,000 gauss. Figure 1 is a simplified 
block diagram of a typical ESR spec- 
trometer. The klystron tube converts 
power to 
frequency electromagnetic 
This high-frequency radiation travels 
through a waveguide to an absorption 
cell (cavity). In the cavity the elec- 
tromagnetic energy is reflected back 
and forth several thousand times before 
it escapes into a second wave guide and 
reaches the crystal rectifier that serves 
as a detector. If a paramagnetic sam- 
ple is placed in the cavity and the whole 
inserted into a magnetic field, as the 
magnetic field is slowly changed, the 
d-e current in the crystal will behave 
as shown in Fig. 2 (solid curve). The 
fields at which one observes a decrease 
in current (that is, an absorption of r-f 
energy) correspond to solutions of Eq. 


monochromatic high- 
radiation. 


d-c 


la for the particular sample used. 

Because d-c signals are difficult to 
amplify, one generally modulates the 
magnetic field at convenient 
audio frequency with a set of Helm- 
holtz coils. When the sample is ab- 
sorbing radio-frequency energy, this 


some 


audio-frequency field superimposes an 
audio signal on the d-e current in the 
erystal which can be amplified by high- 
gain tuned amplifiers. If the ampli- 
tude of the modulation is less than the 
width of the line, the magnitude of the 
audio signal depends on the slope of 
the absorption (solid) curve in Fig. 2 
and its phase depends on the sign of the 
Thus if one converts the audio 
signal from the amplifier to d-ec with a 


slope. 


phase-sensitive rectifier, one obtains 
the first derivative of the absorption 
curve, the dotted curve in Fig. 2. 
\ major difference between ESR and 
other forms of spectroscopy is that in 
ESR the energy levels depend on a lab- 
oratory field. 
When searching for energy absorption 


variable—the magnetic 
(resonance) one can vary the magnetic 
field rather than the frequency of elec- 
tromagnetic radiation. In other forms 
of spectroscopy the energy levels are 
inherent properties of the molecule and 
one has no choice but to vary the 
frequency. 

other branches of 


a major advantage of 


Compared to 
spectroscopy, 
ESR is that such techniques as amplifi- 
cation, phase detection, and electronic 
filtering can be used to achieve remark- 
able sensitivity. Currently available 
commercial instruments are capable of 
detecting 10 
trons in the presence of up to 107! moles 
This eX- 


treme sensitivity is important in radi- 


'2 moles of unpaired elec- 


of diamagnetic material. 


ation studies, for major changes in 
properties of materials such as inorganic 
crystals and biological substances often 
result from relatively slight chemical 
transiormations. 

In applying ESR to radiation studies 
one must be careful about using mate- 
rials that have a large dielectric con- 
stant; these tend to dissipate the high- 
frequency electromagnetic energy in 
the cavity by field-independent absorp- 
tion and thus decrease the sensitivity. 
This problem is particularly pronounced 
for biological specimens that contain a 
high proportion of liquid water. 

\ second difficulty 


tendency 


arises from the 
of high-energy radiation to 
generate paramagnetic centers in the 


glasses often used as sample holders. 


This problem can be eliminated by 
using different containers for irradi- 
ation and ESR observations. 

Still another difficulty arises when 
the experimenter wants to conduct 
ESR observations simultaneously with 
charged-particle irradiation. The 
problem here is that the magnetic field 
tends to deflect the particle beam. An 
arrangement to inject the beam through 
a hole in the magnet pole face along 
the lines of force avoids this difficulty. 


Single-Crystal Irradiation 

When inorganic crystals and glasses 
are exposed to ionizing radiation, opti- 
the 
visible and ultraviolet regions of the 


cal-absorption bands appear in 


spectrum. These bands lead to prob- 
lems in the use of windows and other 
optical devices in conjunction with 
intense radiation sources. This is one 
of the reasons the so-called ‘“‘color cen- 
ters’”’ have received considerable study. 
Much of this research has focused on 
alkali-halide 
of their relative simplicity 
found 


(because 
the 
been 


single crystals 
and 
various centers have 
catalogued according to their spectral 
recent vears ESR 
deal of 


detailed information about the nature 


properties. In 
studies have vielded a great 
of these centers. Perhaps best under- 
stood is the F-center, which is produced 
when an electron is trapped by a nega- 
tive-ion vacancy. The wave function 
for this electron extends over several 
both 


isotropic and dipolar coupling constants 


nearest-neighbor distances and 
(A and B in Eq. !) have been measured 
for several shells of adjoining nuclei (4) 

ESR techniques are also being used 
to investigate the kinetics of thermal 
and photolytic bleaching of color 
Radiation-induced magnetic 
other 


crystals of practical interest such as 


centers. 
centers In various inorganic 
quartz, germanium, and silicon are also 
under study. 

The first comprehensive studies of 
paramagnetic species in organic single 
crystals have appeared only very re- 
Heller 


have recently irradi- 


cently. As an example, and 
McConnell (4) 
ated single crystals of B-succinic acid 
free radicals as 


with form 


follows 


x-rays to 


O 


(x-ray) 
OH — 


CH.—CH, 


QO O 
HO—C—CH—CH.—C—OH 
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They found that the free radical was 
oriented in the irradiated crystal in 
nearly the same way as the parent 
molecule was oriented in the undam- 
aged crystal. The a proton (i.e., the 
proton in the —CH-unit) gave a highly 
anisotropic splitting (B comparable to 
A in Eq. 1) while the two 8 protons 
(in the —CH,-unit) gave nonequivalent 
isotropic (A > 8) splittings of 80-100 
Me. Work of this nature is exceed- 
ingly helpful in interpreting the more 
complicated spectra that result from 
irradiating complex molecules in poly- 
crystalline form. 

No electronically excited radiation 
intermediate has thus far been detected 
by ESR techniques. 
ever, a recent report on the ESR spec- 
the 
obtained 
(6). 


There is, how- 
naphthalene in lowest 
state with 
irradiation The 
was contained in a single 


trum ofl 
triplet 
ultraviolet 


excited 


naphthalene 
erystal of durene to reduce the effects 
of magnetic anisotropy. We can ex- 
that in 


r xcited 


the near future similar 


states 


pect 


long-lived will be de- 


tected during high-energy irradiation. 


Polycrystalline Solids 


Experiments on polyerystalline 
hid 


SOuCS are 


considerably easier to per- 
form than single-crystal experiments, 
but are 
interpret. As a 
large amount of ESR data on irradiated 


usually much more difficult to 
result there exists a 


polycrystalline solids (and glasses) that 
are incompletely understood. Experi- 
this type do give relatively 


S-state 


ments ot 


simple results, however, for 


atoms, and for small radicals that can 
rotate fast enough to average out mag- 
Thus hydrogen 


neti anisotropies. 


and nitrogen atoms have been observed 
under gamma irradiation with Co® in 
hydrogen and nitrogen 
CH 


carbon radicals have also been observed 


solid respec- 


tively and other small hydro- 


in samples irradiated with gainmas at 
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de Crystal Current 
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FIG. 2. ESR SIGNAL in absence of field 
modulation (solid) and with field modula- 
tion and phase sensitive detection (dotted) 


low temperatures, and irradiated ice 
has yielded spectra attributed to hydro- 
gen and hydroxyl radicals as well as 
other still unidentified (2). 
The methyl-radical spectrum shown in 
Fig. 1 is typical of the ESR spectra 
observed for small radicals in poly- 
crystalline matrices. Here the three 
equivalent protons interact with th 
unpaired electron to split the resonance 
into four equally spaced components. 

Irradiated have received 
considerable attention. These 
rials generally give resolved spectra, 
some of which gradually disappear on 
standing, and others that appear to be 
stable indefinitely. Often a 
irradiated in a vacuum will show dra- 
matic and sometimes reversible changes 
in its ESR spectrum when exposed to 
air or various other gases. Much re- 
mains to be done to relate the observed 


spectra 


plastics 
mate- 


sample 


ESR spectra to radiation degradation 
and crosslinking. Of particular inter- 
est is the question of whether in some 
instances the observed spectra are due 
to trapped ions (Ref. 2, ch. 14). 

ESR resonances are also produced in 
irradiated biological materials such as 
hair, bone and feathers, and simpler 


substances such as dehydrated proteins. 
These resonances are generally broad 
with little or no resolved structure, but 
it seems possible that systematic 
studies which use specialized techniques 
will eventually yield useful information. 


Irradiation of Fluids 


One of the advantages of studying 
ESR spectra in fluid media rather than 
in solids is that the magnetic aniso- 
tropies average out; this often results 
in a greatly simplified spectra. 
tropic hyperfine interactions are still 
present, of course, and these usually 
suffice to identify the radical. From 
the point of view of the radiation 
chemist, observations in fluid media, 
where paramagnetic species are free to 
diffuse and react, open up a whole new 
field of radiation kinetics. 

The main difficulty in experiments 
of this type is that of obtaining suffi- 
ciently large steady-state concentra- 
tions of the This problem 
becomes more acute as the reactivity 
of the radical With the 
gradual improvement in the sensitivity 
of the ESR technique, however, Fessen- 
den and Schuler have able to 
observe ethyl! radicals in liquid ethane 
under electron bombardment (7). 
Experiments of this type should greatly 
increase our understanding of the 
fundamental of radiation 
chemistry. 


Iso- 


radical. 


increases. 


been 


processes 
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APPENDIX 


Electron-Spin Resonance—What Is It? 


To understand how ESR works, consider 
free angular 


momentum S. gen- 


first a electron with spin 
This spinning charge 


erates a magnetic moment 


—gsBS 


vs = 
is a dimensionless constant whose 
value is 2.0023, 8 is the Bohr 


and S is in units of h/2zx. 


where gs 
magneton 
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How Is It Used? 


If the electron is placed in a magnetic 
field Ho, us (and hence S$) will be quantized 
with respect to He. If Ho is along the 
z-axis of the laboratory coordinate system, 
the Hamiltonian for the magnetic energy 
of the electron is 


H = gsBS*+ Ho = gsBSzHo 


This has the energy levels 


W = gsBHoMs 


where Msg is the magnetic quantum num- 
ber, which for an electron can take only 
the values }g and —}%. Thus there are 
two magnetic energy levels, Wu and W_14, 
separated by gs8Ho (see Fig. 3). Transi- 
tions between these levels can be stimu- 
lated by an a-c electromagnetic field of fre- 
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quency vo such that hyo = gsBHo. Thus 
the ESR of a free electron can in theory 
be observed at any frequency, provided 
the magnetic field has a suitable value. 
The relative population of the energy 
levels shown in Fig. 3 is given by the usual 
Boltzman relation 
—hvo 
Nw my 2 
— =c 


N34 


where Nu + Nu = No, the total num- 
ber of unpaired electrons. 

Because the a-c electromagnetic field 
stimulates spin transitions from the lower 
energy level to the upper level and vice 
versa with equal probability, the net energy 

. absorbed from the electromagnetic field 
will be proportional to the difference in 
population between the upper and lower 
levels. For highest sensitivity, therefore, 
one maximizes this population difference 
by using the highest possible vo (and corre- 
sponding H»). Equation 2 shows that an 
alternative way to increase sensitivity is to 
decrease the sample temperature. 

Hyperfine interactions. So far we have 
been dealing with the ESR of free electrons 
(a situation approached experimentally 
by electrons in the conduction band of a 
metal and electrons in a gaseous plasma). 
If the unpaired electrons in the intermediate 
products of radiochemical reactions be- 
haved in precisely this manner, one could 
observe them and determine their concen- 
tration. But one would not be able to 
ascertain any information about their 





M1 =39BH 


hv=gBH, 





- 
ws 29BH,, 
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FIG. 3. ENERGY-LEVEL DIAGRAM for free 
electron in magnetic field 











Magnetic Field H, 











FIG. 4. ENERGY-LEVEL diagram for hy- 
drogen atom in strong field 
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environment and so could not distinguish 
among the various chemical species. For- 
tunately most atomic nuclei, like the elec- 
tron, have a spin and an associated mag- 
netic The nuclear magnetic 
moments are small (about one one-thou- 
sandth the electronic magnetic moment), 
yet sufficiently large to change slightly 
the magnetic field the unpaired 
electron. 

This magnetic moment gives rise to the 
hyperfine interaction—the magnetic inter- 
action between the unpaired electron and 
the nucleus. The hyperfine interaction is 
a function of the relative orientation of the 
electronic and nuclear magnetic moments. 
Because the nuclear moment, like the elec- 
tronic magnetic moment, is constrained by 
quantum principles to certain definite 
orientations, the magnetic hyperfine inter- 
action will split the ESR line into a discrete 
set of lines, one line for each permissible 
Thus, a typical ESR 
spectrum of a set of lines (the 
hyperfine multiplet). The number of lines 
and the separation between the lines often 
enables the ESR spectroscopist to determine 
the number and kind of nuclei present in 
the paramagnetic being investi- 
gated. This information is always a valu- 
able clue to the nature and structure of the 
paramagnetic species and in many instances 
suffices for a complete identification. 

In practice ESR hyperfine multiplets 
range from the simple to the highly com- 
plex, and their interpretation requires an 
understanding of the hyperfine Hamiltonian 
(1) 


moment. 


seen by 


nuclear orientation. 
consists 


species 


Rar 
May = — ggs8Bwé(r)i-S 
o 


+ grgsBBn Ps 
[gr is nuclear g-factor, By is nuclear mag- 
neton, 4(r) is Dirac delta function, r is 
radius vector between nucleus and electron, 
and | is spin angular momentum of nucleus.] 
In addition to the two terms on the right 
hand side of Eq. 3, the complete Hamil- 
tonian would have a third term describing 
the contribution of the orbital angular 
momentum (L) of the electron to the hyper- 
fine interaction. all paramag- 
netic radiation 
research the unpaired electron occupies a 
nondegenerate orbit (hence L = 0); for the 
sake of brevity we omit this term from dis- 
(For a more complete treatment 


tef, 2 


For nearly 


species encountered in 


cussion. 
of the hyperfine Hamiltonian see 
and 8.) 

Isotropic hyperfine The 
first term on the right side of Eq. 3, the 
“Fermi” or isotropic interaction term, has 
electron 


interactions. 


@ nonzero value only when the 
probability density is finite at the nucleus. 
Often this is the only term in the hyperfine 
Hamiltonian that need be considered; if 


this is so the total spin Hamiltonian becomes 
H = gsBS- Ho, — giBwi- H, 
Sr ‘ ' 
+ — gigsBBn\¥(0)|*1- S$ (4) 
3 


The first 
hand side of Eq. 4 are the magnetic (Zee- 


and second terms on the right 


man) energies of the electron and nucleus, 
respectively. The last term is the Fermi hy- 
perfine interaction. The expression |¥(0)|* 
is the charge density of the unpaired elec- 
tron at the nucleus. At the high magnetic 
fields characteristic of ESR work 
(3,000 gauss) the solution to Eq. 4 can be 
written with sufficient accuracy as 


most 


W(M1,Ms) = Msgs8Ho — MigiBuHo 
+ AM,Ms (5) 


M;, and Ms are the magnetic quantum 
numbers of | and S, and A is the isotropic 


hyperfine-structure constant given by 


Sr . 
A= 3 79018 Bw ¥(0)|? 


For the hydrogen atom J = }4 and there 
are thus four magnetic energy levels. 
Transitions among them are governed by 
the selection rules AMs = +1, AM, = 0. 
Figure 4 shows these transitions for a field 
separation between adjacent lines of ap- 
proximately 500 gauss. 

Anisotropic hyperfine interactions. The 
second term on the right hand side of Eq. 3 
represents the classical interaction between 
two magnetic dipoles. If the unpaired 
electron charge distribution is axially 
symmetric with respect to the nucleus, 
this term can be written as 


Hap = 14 B(3 cos? Oy 1)(37,8, 1- $) 
Here 6y is the angle between the external 
magnetic field and the symmetry axis of 
the electron charge distribution. The 
quantity B is the hyperfine 
structure constant given by 


‘ 3 cos? @—1 
B = \69sgi8Bn ( i —*) 
avg 


r> 


anisotropic 


r is the radius vector between the nucleus 
and the unpaired electron, @ is the angle 
between r and the symmetry axis, and the 
average is taken over the spatial part of the 
electron wave function. 

The most significant feature of the aniso- 
tropic hyperfine that it 
causes the hyperfine splitting to vary with 
magnetic-field orientation. Consider the 
commonly observed situation in which the 
dipolar term is small compared to the iso- 
tropic term. Here Haj, can be evaluated 
as a first order perturbation of the energy 
levels given in Eq. 5. The expression for 
new energy levels, including the dipolar 
hyperfine interaction, is Eq. 1, which we 
introduced at the 


interaction is 


beginning of the article 


W(M,,Ms) = Msgs8Hy — MigiBnHy 
+[A + B(8 cos? @y — 1)])M;Ms (1) 


When the anisotropic hyperfine interaction 
is not axially symmetric, and/or is not small 
compared to the isotropic hyperfine interac- 
tion the equation for the energy levels 
becomes considerably complicated. 
Even 
gives a satisfactory qualitative picture of 
the effect of hyperfine anisotropy. 


more 


in these instances, however, Eq. 1 


oa ~ ~ 
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Large-Area Flow Counters 
Speed Radiation Measurements 


Size and sensitivity (with anticoincidence circuits) of newly developed 


proportional flow counters open broad vistas for faster and more 


accurate measurements of alpha and beta particles and gamma rays 


by HANS KIEFER and RUPPRECHT MAUSHART, Nuclear Research Center, Karlsruhe, West Germany 


ALTHOUGH ADVANCEMENTS in electronic 
portions of radiation monitors have 
eased and quickened health physicists’ 
routine tasks, the radiation detectors— 
the very heart of monitors—have not 
Thus when we 
available 
monitoring instruments, we developed 


been keeping pace. 
became dissatisfied with 
a flow proportional detector with a 
particularly large counter area. This 
counter offers significant advantages 
for a radiation-measuring 
tasks 


variety ol 


Desirable Features 


Because we always had trouble with 
commercial types of flow counters, we 
compiled a list of the features we be- 
lieved a new large-area flow counter 
should have: 

*It must be possible to design the 
effective counting area in various sizes 
and shapes. 

® The detector should count every sin- 
gle alpha or beta particle entering at 
any one point of the counting area. 

® The counter should be usable with or 
without a window. 

® When the counter is used without the 
window, dust particles must not con- 
taminate the counting chamber by 
electrostatically adhering to its interior. 
® Without the window the counter 
must be able to count samples of ran- 
dom quality, including electrically non- 
conductive samples. 

*It should be possible to purge the 
minutes 
without consuming gas excessively. 
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counter within only a few 


® The counter must contain no dead 
volume (volume should be small com- 
pared to area) so that less shielding 
material is needed and the background 
count per unit area can be kept low. 


Design Concept 


To satisfy these needs we have built 


or rectangular frames (resembling a 
harp). Facing both surfaces of this 
counting grid, another grid serves as 
the cathode. The space between the 
counting grid and the cathode is very 
small (0.5-1.5 em). By suitably spac- 
ing the field we keep the response 
probability constant over the entire 


detectors of wires stretched on circular 


counting area. 








Why Proportional Flow Counters? 


Compared with large-area scintillation counters, on which much design and 
development attention has been lavished, the flow counter offers some con- 
siderable advantages: 
® Its costs increase much less rapidly with growing size than do those of the 
scintillation counter. 
® Its shape does not have to correspond to that of the photomultipliers. 
® it is less temperature-dependent. 
® it has a longer life. 

* it can be designed for the same effective counting surface with a lower 
background count. 

Fiow counters can operate either in the G-M region or in the proportional 
region, depending on the counting gas used. Because of its simpler electronic 
circuits, until now the G-M region was selected almost exclusively. But now 
there is no longer justification to shun amplifiers of high input sensitivity; if 
the electronic part is satisfactory, the proportional counter clearly is superior to 
the G-M counter because: 
® it permits discrimination against weak background pulses. 
® it can discriminate between alpha and beta radiation. 
® Inexpensive methane can serve as counting gas. 
® Spectroscopy of alpha as well as of soft gamma radiation can be conducted, 
the latter process being even more favorable than with a scintillation counter. 

For all these reasons we believed it important to explore the possibilities of 
large-area proportional counters. The examples cited here show the setups 
we worked out and the many possibilities for applying large-area proportional 
flow counters. 








The field is effective 





only between the grids; any marginal 
influence is excluded completely. The 
grid system is one unit and can be in- 
stalled in any type box of any material. 

System size is practically unlimited 
(but to keep the wires from sagging if 
they are stretched across more than 
30 cm they must be supported by a 
stronger lateral wire). The cathode 
grid keeps the electric field from over- 


lapping to the sample we are measuring, 
which is placed immediately below this 
cathode. Thus the sample is within 
the field-free area, makes its 
electrical properties unimportant for 
This also means that 
the the 
cathode grid with conductive or non- 
conductive foils of any thickness. Of 
course the method we use to distribute 


which 


our purposes. 


we can close counter below 
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FIG. 1. 
process on water samples. 


COUNTER CONTAINS large sample dish that holds residue from evaporation 
Counting grid consists of 50-micron molybdenum wires spaced 


1 cm apart; cathode grid above sample dish consists of 200-micron silver-plated copper 


wires 14 cm apart; conductive container cover serves as upper cathode. 
pure methane, operating voltage is ~4 kv for betas, ~2.5 ky for alphas. 
amplifiers, plateau slopes less than 1 %/100 v over 1,000 volts. 


With technically 
With suitable 
If chamber is shielded by 


3 cm of lead on all sides, at working point for beta radiation the background is ~250 cpm 


(0.8 cpm /cm? counting area) 
52 


the methane flow the 
counter housing and thus on plans for 
future use of the counter. 


depends on 


Alphas, Betas in Water 


Figure 1 shows the circular counting 
system we built to count total alpha 
and beta radioactivity in solid residue 
from an evaporation process. The flat 
configuration and the lack of marginal 
effects give a particularly low specific 
background (0.8 epm/cm? counting 
area). 

Why large area? 
ments of total alpha and beta radio- 


activity in water the large area of the 


For measure- 


sampling dish gives advantages both 
in quick sample preparation and in 
small self-absorption. The large water 
surface permits short evaporation time 
(75 min/liter), which cuts the labor in- 
volved in preparing many samples (1). 
By using infrared heat to evaporate 
water directly in the counting dish we 
avoid the wall-absorption losses that 
are inevitable if we use a separate con- 
Large sur- 
faces are the 
activity from the water is concentrated 


tainer for evaporation (2). 
important also when 
by coprecipitation or adsorption (1 
rather than by With 
these methods, chemicals deliberately 


evaporation. 


added to the water always cause more 
Compared 


residue (2—3 gm/sample). 
to evaporation, these chemical proc- 
esses offer the advantage of processing 
larger amounts of water in a much 
shorter time—and thus raise sensitivity 


I, $). 


Alphas and Betas in Air 


Because the maximum permissible 
concentratioa for alpha emitters is only 
4X 10-4 ye 
~1,000 m? of air to get fairly accurate 
samples. On the one hand, it takes 
filters of several times 100 cm?* surface 


cm’ air (4), we must filter 


to make these amounts of air free from 
dust within a reasonable period of time 
(<24 hr); on the other hand, the dust 
residue in 1,000 m? of air is considerable 
Both facts again show 
Be- 
made of 


(a few grams). 
the need for a large-area counter. 
always 


the 


cause air filters are 
counter 


the 


nonconductive materials, 
properties must not depend on 
electrical properties of the sample 


Monitoring Liquid Waste 


Large-area counters open up entirely 
new possibilities for monitoring water 
and directly (5). Be- 
cause of its flat shape the counter easily 
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continuously 





can be installed directly above the 
water surface without being contami- 
The 
large area and the possibility of using 
in contrast to im- 
permit us to detect 
continuously low-energy beta 
emitters like C'™ and S* below their 
maximum permissible concentrations. 
Devices that 
tration and that directly indicate beta 
activity have to use layers of water- 


nated by activity in the water. 
very thin windows 


mersion counters 


even 


work without concen- 
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FIG. 2. SENSITIVITY of large-area (~700 
cm*) counter for continuously monitoring 
beta activity of water contamination; in this 
case counters are arranged rectangularly 
and 0.9-mg /cm? foil covers window facing 
water surface. Sensitivity curve represents 
40 cpm after background is subtracted by 
a compensating counter 






































FIG. 3. 


of 1,400 cm? total surface. 
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AIR MONITOR, especially designed for continuously 
monitoring !'*' in exhaust stacks, has double window (0.9 mg/cm”) 
Protective grids (that keep thin- 
foil window from blowing out if gas pressure surges) on each 
side of counter are readily visible; cathode wires are barely 
visible, but counting wires are too fine to see here. 
window, same unit monitors alpha and beta contamination 


saturation thicknesses for most beta 
emitters—to be sufficiently sensitive. 
Thus they are so energy-dependent 
that even with extremely thin counter 
walls various nuclides of the 
maximum permissible concentration 
(same toxicity) yield counts that differ 
by several orders of magnitude. So 
one cannot expect absolute values from 
equipment that measures directly. 
But it can give a “‘yes-or-no”’ 
before any nuclide reaches its maxi- 
Fig- 


same 


signal 


mum permissible concentration. 
ure 2 shows the sensitivity of large-area 
counters for this purpose. 

Users of sensitive large-area counters 
must compensate for background vari- 
ations that occur under different atmos- 
pheric conditions (especially rain) or 
originate in nearby reactors, cyclotrons 
or strong radioisotopes. At Karlsruhe 
we use a differentiation device consist- 
ing of two identical counters arranged 
above the water in such a way that 
back- 
ground, but one also detects the radia- 
tion from the water. The background 
counting rate is subtracted electronic- 
water 


both counters show the same 


ally, resulting in the correct 
count. 

Alpha activity in water also can be 
monitored by these large-area counters 
(3). No differentiating circuit is 


With single 


needed because in the alpha plateau 
the background is extremely low and 
is practically not influenced by outside 
variations. Sensitivity is sufficient for 
monitoring all important alpha emitters 
(except Ra***) below their maximum 
permissible concentrations. 

Monitoring air. For continuously 
monitoring airborne activity we can 
double sensitivity (at the same back- 
ground level) by placing a foil on both 
sides of the counter used for monitoring 
water. 


Monitoring Surfaces 


Because the instrument is a propor- 
tional counter, we can monitor both 
alpha and beta contamination on hands 
separately but simultaneously by elec- 
trically discriminating among 
For monitoring laundry, we 


pulse 
heights. 
position two counting units (with a sin- 
gle 700-cm? window in each) above the 
garment and two beneath it and pull 
With a 
counting-rate meter for visual indica- 


the garment between them. 


tion, less than 0.01 ue of even soft beta 
radiation (equally distributed over the 
entire garment) can be detected quickly 
(~10 sec) (6). Figure 3 shows a simi- 
lar counter (but with a double window). 
Such counters would be particularly 
useful for continuously and sensitively 


FIG. 4. TO MEASURE PLUTONIUM in an arm, one large-area 
cylindrical flow counter surrounds another (linked by an anti- 
coincidence circuit that partly compensates for background). 
With a point source of 5 & 10~'° curies of plutonium inside this 
experimental counter, a count on a gamma line of plutoninm 
is twice the background; on this line we can achieve discrimination 
factors of 200 against Ra**® and 120 against Cs'*’ 
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IN BACKSCATTER COUNTER for determining beta energies center chamber 


counts primary betas from sample (in 20-cm dish); then lead foil on lid scatters some betas 


back into annular counter chamber. 
counting wires is ~16 meters 
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FIG. 6. BACKSCATTER COUNTER calibra- 
tion curve experimentally recorded for a 
series of beta emitters 
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FIG. 7. BACKSCATTERING as a function 
of Sr® content in a Sr*%-Sr® mixture 


Counter diameter is 60 cm; altogether, length of 


checking packaging materials for photo- 
sensitive films. 


Low-Level Betas 


Where a large-area counter serves as 
a protection counter in an anticoinci- 
dence circuit it offers the advantage 
that there is only a single counter with 
a completely uniform shielding effect 
across the whole surface—instead of a 
number of single counters that might 
have to be adjusted in different ways. 
Because it is flat this device and its 
shield can be kept small. For instance 
one such counter (7) needs <100 kg of 
lead to reach a specific background of 
less than 0.1 cpm/em?*. Specific back- 
ground is nearly independent of the 
monitoring-counter size. 

These large-area counters can reduce 
the effective cosmic radiation in shielded 
counting rooms (or in the steel chamber 
of a body counter) if they are mounted 
above the working surface (or along 
the entire ceiling of the counting room) 
and then all equipment in the area is 
operated in an anticoincidence circuit 
with these shielding counters. To our 
knowledge, A. Malvicini of Ispra, 
Italy, first applied this idea with liquid 
scintillators. 

To learn whether construction mate- 
rials for radiation detectors and shields 
of body-counting devices or anticoinci- 
dence equipment are free from radio- 
activity, at Karlsruhe we use a very 
large 4r setup whose two parts are 
operated in an anticoincidence circuit 
with other (7). With 10-min 
counting time we can detect activity 


each 


corresponding to a surface contamina- 
tion of 10-" ¢/cm? with 20% accuracy. 


Spectroscopy 


Their size makes these counters suit- 
able for spectroscopy of alpha particles 


and low-energy gammas (8, 9). Be- 


‘ause the material to be monitored can 
be spread out in a very thin layer the 
large area is particularly helpful for 
measuring alphas. However, it is ad- 
visable to use a denser gas than 
methane (perhaps argon) as counting 
gas. 

Figure 4 shows low-energy-gamma 
spectroscopic device for assaying in- 
corporated plutonium. 


Determining Beta Energy 


Figure 5 shows a large-area propor- 
tional counter for rapidly determining 
the beta energies of any emitter by 
means of backscattering (10). The 
fraction of betas that scatter into the 
annular counter directly indicates the 
energy of the primary betas. To mini- 
mize the background effect of the outer 
which has a very large sur- 
outer 


counter 
face—the counters 
operate in a coincidence circuit. Thus 
the outer counter registers only pulses 
that already have been counted in the 
Figure 6 shows the 


inner and 


inner counter. 
calibration curve for this counter. In 
the normal use of this counter a single 
counting operation determines the sam- 
ple activity and also gives a hint as to 
the type of beta emitter in the sample. 
But this device candoeven more. For 
instance, Fig. 7 shows how the concen- 
tration of Sr®° in a Sr®°-Sr*® mixture can 
be determined immediately. This type 
of measurement is especially useful 
where possible danger from fission 
products must be estimated quickly; it 
also can be used to help control the 
purity of isotope solutions or to deter- 
mine the age of fission products. 
* x * 


License for manufacturing these flou 
counters is held by H. Kimmel, Firma Miin- 
chener Apparatebau fiir elektronische Gerate, 
Osterwaldstrasse 69, Miinchen, Germany. 
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announcing... 
the world’s most advanced 
nuclear instruments! 


RIDL 
DESTGNER SERIES 


RIDL presents the most complete group of instruments ever 
available in the nuclear field. A new concept, using the 
building block principle, offering virtually unlimited 
possibilities of combining 














instruments to design 
your own 
special systems. 























1. Model 

30-19 Ampli- 

fier and Dis- 

criminator. 2. 

Model 49-25 

Seven Decade 
Electro-Mechanical 
Scaler-Timer. 3. Model 

49-26 Six Decade Preset 

Count Scaler. 4. Model 54-7 

Five Decade Electronic 
Timer. 5. Mode! 2-9 2-Pi Gas 
Flow Counter. 6. Model 40-8 
High Voltage Power Supply. 7. 
Model 29-1 Instrument Case and 
Power Supply. 





Write for complete specifications 
this first group of the RIDL 





Series .. . completely transist 
ments, soon to include many 
with which you can design many 
most any kind of nuclear experime 
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ee ee a, _ 
Company's Big Rock Point Nuclear Plant is more than 60% complete 


direct-cycle, forced circulation boiling water reactor is scheduled for October 1962 





SYMBOL OF NUCLEAR PROGRESS 
Big Rock Point 
Nuclear Plant 


Consumers Power Company's Big Rock Point Nucleai fuel fabrication development 

Plant, near Charlevoix on’ the shore of Lake Michigan, is irradiation of experimental fuel in General Electric 
a symbol of technological progress in the use of nuclear Vallecitos Boiling Water Reactor 

power on electric utility systems. 


/ High Power Density 


analytical and experimental work to predict reactor 
Big Rock Point will develop important nuclear tech- heat transfer and stability performance under a wide 
nology—high power density, increased fuel lifetime, and variety of plant operating conditions 
improved fuel fabrication techniques for high perform- analytical studies to achieve improvements in re- 
chen mines Sail actor performance by determining optimum core 
power, fuel burnup and refueling scheduling 
Consumers Power Company will make this plant avail specification of a computer to calculate control rod 
able for a 4'%-year research and development program position for optimum core burnup under varied 
to be conducted by General Electric for the Atomix operating conditions 
Energy Commission. This program already is underway preliminary design studies of a 300-mwe high 
in several areas: power density boiling water reactor plant 





Progress In 


Dresden— 
| yi, Nuclear Technology Helps Large Boiling 
alll;;.. a Water Reactor Feasibility 


Commonwealth Edison Co 


Keep Power Costs Low 
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HEAT EXCHANGERS 


General Electric is supplying the nuclear steam 


ral taiaiael| components achte 


This program will continue during the first four and 
one-half years of Big Rock Point Plant operation—until 
1967 

An ultimate goal for Big Rock Point is to raise its ini- 
tial electrical output from 50,000 kwe to 75,000 kwe. To 
do this, the reactor core will be tested at average power 
densities of 45-60 kw  liter—twice the power density of the 
Dresden Station, and almost double that of large plants 
now being offered. 

Higher power density will mean more power output 
from a boiling water reactor plant per ton of steel and 
cubic yard of concrete, thereby reducing plant capital 
cost-per-kilowatt. Improved techniques for fuel fabrica- 
tion will help reduce the cost of high-performance nuclear 
fuel. The result of these efforts will be lower plant power 
costs 

Big Rock Point is an essential link in the development 
of large economical boiling water reactor nuclear power 
plants. Achievement of the high power density goals is 
a key ‘~p in bringing closer the widespread use of nu- 


Lal Vieslelelieh@met:)) 
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supply system, fuel, turbine-generator 


Corporation is engineer-constructor and prime contractor 


clear-electric power in line with the objectives of the 
utility industry and those of the Atomic Energy Com- 
mission’s power development program. After the research 
and development phase of Big Rock Point is completed, the 
plant will become a dependable part of Consumers Power 
Company’s electrical system supplying needed power to 
northern Michigan. 

For mpre information about the technical develop- 
ment program for boiling water reactors, contact your 
General Electric Generation Sales Representative or write 
to General Electric Company, 1 River Road, Schenectady, 
New York. Outside the United States and Canada, write to 
International General Electric Co., 159 Madison Ave., 
New York 16, New York. 132-14 
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Neutron Dosimeter for Reactor Incidents 


Savannah River has developed a 
small, pencil-shaped neutron dosimeter 
to monitor extreme doses received by 
reactor operating personnel in event 
of a criticality accident.* Ordinary 
neutron-sensitive film and ionization 
devices are capable of measuring ex- 
posures only up to 1 rem, but the dose 


* J. E. Hoy. DP-472 (Sept. 1960). 


High-Performance 


To monitor startup operations for 
Experimental Breeder Reactor-2 
(EBR-2) Argonne has developed a 
neutron-counting system that will proc- 
ess 3 X 10° cps with less than 10% 
counting loss due to instrument 
deadtime.* The system is meant to 
monitor neutron flux at startup over 
a four-decade range below the point 
where ion chambers become useless 
because of their sensitivity to back- 
ground gammas. (The ion-chamber 
signal from gammas equals the signal 
from neutrons at a neutron flux of 
about 2.2 x 104 n/em*sec). If one 
allows for a one-decade overlap be- 
tween pulse-counting and ion-chamber 
systems, then the counting 
must able to function at 


system 


be levels 


* Robert J. Epstein, Donald C. Thomp- 
son. ANL-6292 (1961) 


to a worker in an accident could range 
from levels of this order up to thou- 
sands of times this order depending on 
the details of incident. To cover his 
wide range the Savannah River dosim- 
eter detects neutron dose through the 
activation of an array of neutron- 
sensitive materials stacked one above 
The 


contains a vial of chemical 


the other in the pencil container. 
pencil also 


Neutron Counter 


10° n/em*-sec 


in the presence of a3 X 10*- r/hr gamma 


from 2 n/cm*-sec to 2 x 


background. 

The system developed by Argonne 
to meet these specifications consists of 
a fission counter, preamplifier and 
linear amplifier with an integral dis- 
To the 
requirements, each of the three com- 
to 


squeeze out the optimum in perform- 


criminator. meet stringent 


ponents was carefully tailored 
ance. The designers found that the 
Westinghouse Type WX 4245 fission 
counter contains enough fissile mate- 
rial to provide the required absolute 
efficiency and that it has a collection 
time, when operated at 1 atm of nitro- 
gen and argon and 300 volts, of less 
than 7 10-8 sec. 

The preamplifier design is a com- 


noise, gain sta- 


promise among low 





MINIATURIZED FAST-NEUTRON DOSIMETER, about carpe 


t-tack size, consists of 0.1-in. 


solution that monitors 


posures from 50 r to 10‘ r. 


gamma ex- 
In addition 
work is under way to include a feature 
that would correct for shielding of the 
dosimeter by the person wearing it. 
The cost of the dosimeter is expected 
to be less than $5.00. 


container is a plastic tube 35¢ in. long 


The dosimeter 


and 4¢ in. in diameter; the complete 


assembly weighs only 15.5 gm. 


for EBR-2 


bility 
temperature variations), radiation and 


(particularly with respect to 
temperature resistance and the desire 
to have as few components as possible. 
To achieve stability the preamplifier 
uses capacitors of ceramic dielectric 
a high-tem- 
plus 
ceramic-insulated con- 
The four tubes of the 
RCA Tubes Type 7586 
The gain of the pream- 


and resistors made from 


perature-deposited carbon film 
either bare or 
necting wire. 
circuit 
(Nuvistor). 

plifier circuit shows less than a 5% 


are 


change for temperature changes from 
to 90°C with 
change in performance 


ano 


20 no observable 


during two 
weeks of steady operation at 90°C 
The linear amplifier consists of two 
fol- 
discriminator. 


stages of amplification, a cathode 
and a one-tube 
A neutron pulse, after amplification 
the 


as a 


lower 


a gain of 75, 
50), 
pulse of 0.4-usee duration and is pre- 
sented by the cathode follower to the 
re- 


(the first stage has 


second a gain of emerges 


discriminator to be accepted or 
jected. The amplifying 
Tube Type E180F except for the first- 
stage input tube which is Type 6922; 
Type E180F was found to have a 
12 ke which 


input 


stages use 


mechanical resonance at 
rules it out the 
With careful layout and construction 
methods, the 
hieved an over-all maximum gain from 
the preamplifier in 
excess of 5 X 10‘, including the loss 


for position. 
Argonne designers ac- 


and amplifier 


by 0.03-in. silicon disc mounted between two electrical contact pins. Device records fast- 
neutron dosage cumulatively, and, unlike present film dosimeters is insensitive to all other 
forms of radiation. Dosage is measured in terms of permanent changes in electrical 
Properties of silicon that result from dislocations caused by fast neutrons. Dosimeter 
developed by Battelle Memorial Institute for U. S. Army Signal Corps is designed as monitor 
for persons who work around nuclear reactors or who may be exposed to nuclear-weapon 
explosions or other fast-neutron sources 
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in the short-time-constant circuit be- 
tween the amplifier output and the 
Rise time of the 


preamplifier and amplifier 


eathode follower. 
cascaded 


is less than 0.1 usec. 
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WORLD'S MOST EFFICIENT POWER STATION 
SPECIFIES MOST EFFICIENT TUBE FITTINGS 


_— YY 


Philadelphia Electric Company’s new Eddystone Station is an engineering 
achievement of which Americans can be proud. Representing a major break- 
through in the power industry, the Eddystone Electric Generating Station was 
designed as the world’s most efficient power plant. This improvement in 


efficiency has been achieved by generating steam at a supercritical pressure 


of 5000 pounds per square inch and a temperature of 1200° F. 


sdilitclel-lislalr- Mm ol-leiag (eC) -lal-le-halale MDE Dales Dal teCeh 2 dela Mela 
Delaware River near Philadelphia. 


Housing two 325,000 kilowatt turbine generators, this giant station can produce enough power to supply the residential needs of a city of five million people. 


Control Center for Eddystone Plant Swagelok Tube Fitting used as a Swagelok Tube Fittings used in contro! 
Operation thermocouple connector on main systems of supercritical pressure boiler 
steam header *1 for boiler control 
Operating conditions: Steam at 
5000 psig — 1200° F. 


Cyan doe TUBE FITTINGS 


Crawford Fitting Company, 884 East 140th Street, Cleveland 10, Ohio * Crawford Fittings (Canada) Ltd., Niagara Falls, Ontario, Canada 





Vapor-Phase G-M Counters for 
Studying Isotopic Exchange 


by IRVING M. PEARSON* and CLIFFORD S. GARNER 
Department of Chemistry, University of California, Los Angeles 24, California 


To follow a radioisotopic exchange 
reaction—a reaction in which certain 
molecules exchange isotopes with one 
another—in a volatile solution, one can 
continually measure the radioactivity 
of the gas phase that is in equilibrium 
with the solution. Then as exchange 
occurs the change in activity of the gas 
phase under appropriate conditions is a 
measure of the exchange reaction rate. 
For this measurement we developed 
two reaction vessels, one gun-shaped 
and one spherical, that can be evacu- 
ated and used at pressures as low as 
10-* mm Hg with solutions of Cl,** 
(0.71-Mev betas) in CCl,. 

For studying exchange reactions at 
atmospheric pressures Johnsont de- 
veloped a simple gun-shaped reaction 
chamber. If, however, one can evacu- 
ate the chamber before admitting the 
reactants and maintain it at a reduced 
pressure during measurements, one can 
investigate reaction systems that are 
sensitive to traces of moisture or air 


* PRESENT Appress: Electronics Divi- 
sion, National Cash Register Co., Haw- 
thorne, Calif. 

t R. E. Johnson, nucteontcs 14, No. 4, 
96 (1956). 
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SPHERICAL CHAMBER for study of isotopic- 
exchange reactions has counting efficiency 
of 0.85% for Cl*® betas and can be 
evacuated 


and reactions that must be carried out 
at temperatures at which the total 
vapor pressure is considerably less than 
atmospheric. Since we needed this 
kind of apparatus in our exchange 
study we developed our chambers to 
be evacuated and operated at low 
pressures. 


Gun-Shaped Chamber 


Our 425-ml gun-shaped vessel is 
similar to Johnson’s except that ours 
has a tube with a stopcock for evacu- 
ating the chamber, a drip-tip delivery 
tube to carry liquid to the 40-ml cham- 
ber well and a 24-mm-diameter mica 
window cemented to a 344, standard- 
taper inner joint that is blown onto 
the chamber coaxially with the “gun” 
barrel. In developing the design we 
also tried Pyrex windows; however, 
since these were too fragile we chose a 
4.1-mg/cm? mica window. We also 
tested soft-setting cements but found 
that they allow the window to implode 
or crack when the chamber is evacu- 
ated. Therefore we selected a hard-set- 
ting epoxy-resin cement.{ A Nuclear- 
Chicago Model D-34 G-M_ tube 
(1.4-mg/cm? window) mounted close to 
the chamber window monitors the ac- 
tivity of the vapor phase in the vessel. 

We have evacuated the chamber to 
~10-* mm Hg and can pump on it for 
hours without damaging the window. 
Moreover the chamber does not leak 
even after 2-3 months. Nevertheless 
because of poor geometry the counting 
efficiency is small despite the large 
vapor volume that favors Cl, evapo- 
ration. For example a solution in the 
chamber well with ~56% of all Cl. and 
~3% of the CCl, in the vapor phase 
gave a net count of 134 cpm. We 
subsequently removed all the Cl2, hy- 
drolyzed it to get nonvolatile species 
and dip-counted it with a Nuclear- 
Chicago Model D-52 G-M tube under 
geometry and absorption conditions 
that correspond to a counting efficiency 
of ~1.4% for Cl** betas. The hydrol- 
ysate gave 828 net cpm, correspond- 
ing to a chamber counting efficiency of 
0.41%, [1.4(134 X 100/56) /828]. 


t No. LHC-14, Cycleweld Cement Prod- 
ucts, Trenton, Mich. 


Spherical Chamber 


To improve the counting efficiency 
we built a 580-ml spherical reaction 
chamber (see figure). We cemented 
a Nuclear-Chicago Model D-34 G-M 
tube with epoxy resin into a 459 
standard-taper inner joint that we then 
inserted into an outer joint blown onto 
the chamber bulb. As the figure 
shows, because of its position the G-M 
counter does not receive beta radiation 
from the solution in the chamber well. 
Except for the window the G-M 
counter is entirely coated with epoxy 
resin to prevent reaction with the gas 
in the chamber. This chamber with- 
stands essentially the same evacuation 
and leak tests as the gun-shaped one. 

As we did with the gun-shaped cham- 
ber, we compared the vapor-phase 
counting of samples in which ~67% 
of the total Cl, and ~5% of the CCl, 
were in the vapor phase with dip- 
counting of hydrolysates of the total 
Cle. Results show that the dip-count- 
ing gave only 2.5 times as many counts 
per min as the vapor-phase counting; 
thus the chamber counting efficiency 
is 0.85 %—nearly as efficient as the dip 
counting. We attribute this improved 
counting efficiency mainly to the better 
geometry of the spherical chamber. 
An added advantage of this chamber is 
that a mica window does not need to be 
sealed onto the chamber. 

We lubricated the stopcocks and 
ground joints in these two vapor- 
phase counters with Halocarbon grease. 
Since the grease—as well as other 
vacuum greases and waxes, including 
silicone stopcock grease—reacts with 
Cl, and absorbs it to some extent, some 
Cl; is lost and-a memory effect may 
occur. If one avoids excessive lubrica- 
tion, however, the memory effect can 
be kept to less than twice the back- 
ground counting rate (~25 cpm with 
partial lead shielding). For experi- 
ments in which Cl. is used in these 
vapor-phase counters, however, it is 
preferable to use greaseless vacuum 
stopcocks and conical Teflon sleeves 
for the joints. 


Sad * * 


This work was supported by U. 8. AEC 
under Contract AT(11-1)-34, Project 12. 
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2 nanoseconds/cm: 


impossible to photograph until now 


Polaroid has a new film that is 
so fast, it will reproduce scope 
traces that are almost invisible 
to the naked eye. The one above, 
a scintillation pulse, has never 
been photographed until now. 
Pulse duration was ten nanosec- 
onds. Scope sweep speed was 2 
nanoseconds/cm. The new 10,000- 
speed Polaroid PolaScope Land 
film produced a finished usable 
print ten seconds after exposure. 

The maximum writing speed 
of the 10,000-speed film is about 
twice that of the Polaroid Land 


3000-speed film, which is cur- 
rently the standard for high 
speed photography. The new film 
not only gets “impossible” pic- 
tures, it also produces far better 
shots of slower pulses and steady 
state waveforms. Because of its 
high speed, less light is required ; 
camera aperture and scope inten- 
sity can be reduced considerably, 
producing sharper pictures. 
And besides oscillography, the 
PolaScope film opens up new pos- 
sibilities in applications where 
light is at a premium, such as pho- 


tomicrography and metallogra- 
phy. It is not suited, however, for 
pictorial work due to its high con- 
trast and relatively coarse grain. 

PolaScope film (designated 
Type 410) is packed twelve rolls 
to a carton. The price is actually 
lower than the 3000-speed film. 

The film can be obtained 
through industrial photographic 
dealers. For the name of the 
dealer nearest you, write to 
Technical Sales Department, 
Polaroid Corporation, Cambridge 
39, Massachusetts. 


New Polaroid Land 10,000-speed film for oscillography. 
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Measuring Detector Deadtimes Accurately 


by SVEN GOSTA RUDSTAM, European Organization for Nuclear Research (CERN), Geneva, Switzerland 


In making precise determinations of 
high counting rates one must correct 
for the events that occur within the 
deadtime of the detector system and 
hence are undetected. An accurate 
correction can be made only if the 
deadtime is well known.* The tradi- 
tional methods of measuring dead- 
time, however, give values good to 
only 10%. I present here a simple 
method of determining deadtimes with 
a tenfold improvement in accuracy. 

One can measure the deadtime of the 
electronic part of the counting system 
with a double-pulse generator that has 
a variable interval between pulses. 
But for practical purposes the over-all 
deadtime is the important quantity— 
the counter tube or scintillation de- 
tector must be included in the dead- 
time measurement. The over-all dead- 
time is customarily determined in one 
of the following ways: 

e With a strong sample in the counter 
the deadtime can be estimated visually 
with an oscilloscope (2). The shortest 
interval between two pulses big enough 
to be counted is the deadtime. 

eIn common use is the method of 
paired sources (single or multiple 
pairs) (3 and 4) which compares the 
sum of the counting rates of the sources 
taken separately with the rate ob- 
tained by counting the sources to- 
gether. This method depends on 


* See Reference 1 for details of how nu- 
CLEONICS readers may obtain a special slide 
rule that computes deadtime corrections. 
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FIG. 1. COUNTING RATE plotted against 
counting rate per unit source strength gives 
deadtime T to within 1% accuracy’ 
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measuring relatively ‘small differences 
between large numbers and hence 
yields accurate results only with 
difficulty. 

¢ The method of proportional sources 
uses a set of sources with known rela- 
tive strengths. One neglects the coin- 
cidence loss for the weaker sources, 
and, from the specific counting rates 
of these sources, deduces the coinci- 
dence losses for the strong sources. A 
special case of this method is to use the 
decay of a nuclide with well known 
half-life. 

It is quite difficult to determine the 
deadtime accurately with any of the 
above methods. Usually the uncer- 
tainty is ~10%. I propose here a 
straightforward extension of the method 
of proportional sources that gives the 
deadtime graphically with great ac- 
curacy, easily within 1%. Because 
the deadtime determination is also very 
simple to carry out, the method appears 
superior to those mentioned above. 
It differs from the usual method of pro- 
portional sources in the treatment of 
the measured data. 

If we assume that a count leaves the 
counter insensitive for the time r, the 
corrected counting rate N is obtained 
from the measured counting rate A by 
the formula 


‘ 


A 
N= _ 1 
1—7rA ”) 


The corrected counting rate is propor- 
tional to the strength of the sample. 


a ne 1 = slope/intercept = 0312 x10" min 
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FIG. 2. LINEAR RELATIONSHIP (Eq. 1) for 


deadtime does not hold, for counter tested 
at rates above 6 < 10° cpm 


Thus, with ¢ equal to the disintegration 
rate, NV can be written 


N = Kq (2) 


where K is a proportionality constant. 
Equation 1 can now be written 


A ; 
— = K — KrA (3) 


By plotting A,/q; versus A; for a series 
of samples, we obtain a straight line 
with its intercept for zero counting rate 
equal to the proportionality constant 
K and its slope equal to —Kr. Thus, 
the deadtime 7 is obtained from divid- 
ing the slope by the intercept. 

Sample preparation. To use this 
analysis one must prepare a suitable 
series of samples. It is not necessary 
to determine the absolute disintegra- 
tion rates of the samples, but only some 
quantity proportional to the disinte- 
gration rate. For a gamma counter 
the samples are easily prepared. If a 
well-type scintillation counter is the 
subject of investigation, for instance, 
different amounts of a tracer solution 
can be pipetted down into a number of 
sample tubes. Because the gamma 
counting rate is little influenced by 
scattering effects, one can also prepare 
a set of samples by evaporating pipetted 
or weighed amounts of a tracer solution 
on discs of aluminum. 

This method is not recommended for 
making a set of samples to determine 
the deadtime of beta counters because 
of the troublesome self-scattering effects 
in beta sources. In this instance a 
convenient approach is to use electro- 
spraying (5). Samples made from 
carrier-free solutions by this method 
are very evenly spread, and the self- 
scattering and self-absorption effect 
is very small. The amount of liquid 
sprayed is not known, but if the tracer 
decays by gamma radiation in addition 
to beta-particle decay, the samples can 
be easily calibrated by gamma counting. 

For accurate work the self scattering 
effect, although small, should be taken 
into account. To do this, one can first 
count the samples close to the window 
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of the counter and then far from the 
window, where the coincidence loss is 
small. The data from the first count 
are used, together with the gamma 
counting rates, to determine an ap- 
proximate deadtime that neglects self- 
scattering and self-absorption in the 
samples. This deadtime is used to 
correct the data from the second count, 
which then represent relative beta- 
emission rates. These relative beta 
rates are combined with the results 
from the first count to give a more ac- 
curate deadtime determination. Fur- 
ther approximations are possible but 
hardly necessary. 

Deadtime studies. Figure 1 shows 
the results of an analysis by the 
method proposed here of the deadtime 
for a flow-proportional counter with 
methane as counting gas. In this in- 
stance the deadtime was found to be 
18.1 usec with a standard deviation of 
+ 0.9%. 

For very high counting rates Eq. 1 
may no longer be valid. Figure 2 
shows a deviation from the linear 
behaviour corresponding to an increase 
of the deadtime at counting rates above 
600,000 cpm for the flow-proportional 
counter used. Thus the method de- 
scribed in this article also clearly indi- 
cates in which region Eq. 1 is applicable. 
In this particular test we found that the 
deadtime was determined by the elec- 
tronic part of the counter and not by 
the counter tube itself. 

To investigate the possible effect of 
beta energy on deadtime, we prepared 
three sets of samples; one contained 
Nb? beta energy 0.158 Mev), the 
second Cs! average beta energy 
0.56 Mev) and the third Ru’ (average 
beta energy 3.3 Mev). The deadtime 
was 17.4 + 0.5 usec for Nb®, 18.1 + 
0.2 usec for Cs'*7 and 19.0 + 0.2 psec 
for Ru’; thus there is a very small in- 
crease in deadtime with increasing beta 
energy. 

Instead of preparing a set of samples, 
one can follow the decay of a sample 
with known decay constant. The 
strength of the sample at different 
times ¢ is simply obtained as gq = e™. 
Because the same sample is always 
counted, the scattering and absorption 
factors remain constant and will there- 
fore not influence the deadtime 
determination 
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With Pressure Tubes: 
25—40-Mw Pool Reactor 


COOLANT WATER FLOWS from inlet manifold up outer annulus 
in 6-tube fuel element (where it is heated to 169°F at 108 psia) 
and then back down inner annulus to outlet manifold. Pressure 
tube (aluminum, 37 in. long, 3.5 in. 0.d., 1¢-in. wall) around outer 
ennulus and its cap separate coolant water from pool-water; 
fourth fuel tube (from center) serves as barrier between upward- 
and downward-flowing coolant. Small amount of pool water 
flows down within 1-in. unfueled central hold-down tube in each 
fuel element (samples can be irradiated within this central tube 
or between adjacent pressure tubes). Double-plenum assembly 
also serves as grid plate. 

With PTR's low coolant flow, and without the need for a costly 
pressure tank, AMF believes this new reactor will cost only half 
as much as the $2-million tank-in-a-pool Oak Ridge Research 
Reactor (this ORR cost includes the reactor, pressure vessel, cool- 
ing system, experimental facilities, instruments and controls, but 
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To raise power levels of flexible pool- 
type research reactors from the present 
~5-Mw limit to 2540 Mw AMF 
Atomics suggests placing pressure tubes 
around the fuel elements so they can 
operate hotter without boiling the cool- 
ant water. With the coolant in a 
closed system separate from the pool 
water, there is no problem of making 
pool water excessively radioactive. 
Further, with a tubular fuel element 
from which a two-pass flow of coolant 
removes heat, total coolant flow can 
be kept low. 

To develop this pressure-tube reactor 
(PTR) concept AMF has conducted 96 
critical-experiment runs and now is 
flowtesting fuel and pressure tubes. 

Critical experiments. Even with its 
tubular fuel elements the PTR core 
contains nearly the same fractions of 
water, aluminum and uranium as a 
typical pool reactor. But, to verify 
calculations, between July 7 and 13 
AMF ran 96 critical tests on a total of 
29 core loadings with a simulated PTR 
core in the reactor pool at Industrial 
Reactor Laboratory, Plainsboro, N. J. 
Minimum critical mass (3.25 kg U*) 
came out close to that calculated (3.20). 
Even more pleasant was the discovery 
that omitting one fuel element from the 
core center (but, of course, adding 

several to ‘he ,perimeter) gave a ther- 
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mal-neutron flux-trap peak equivalent 
to >10" n/cem?/sec at 25 Mw—or 
triple the top flux in a uniform core. 

Flow tests. In its loop at Green- 
wich, Conn., AMF has tested a PTR 
fuel element in water flowing at 250 
gpm (flow at 25 Mw would be 270 gpm) 
to measure over-all pressure drop and 
flow stability. These tests led to deci- 
sions to (a) use the fourth fuel tube 
(instead of the fifth) as the barrier be- 
tween the two coolant passes so as to 
reduce the pressure difference across 
the barrier, (b) pass coolant up the 
outer annulus and down the inner one 
so the higher pressure in the first pass 
will push the barrier fuel tube-plate 
tighter into its web slot rather then 
tending to loosen it and (c) weld the 
three fuel-element webs to the pressure 
tube at the top and bottom rather than 
fastening them at just one end. 

Flow tests now are checking the 
effects on fuel elements of flow cycling 
(repeated quick starts and stops) and 
a 500-hr endurance run is being con- 
sidered. In coming months these tests 
will be repeated with flow rates up to 
400 gpm—which will define whether 
the present design can go up to 40 Mw. 

Other tests have verified the effec- 
tiveness of the simple contact seal be- 
tween the grid and’ pressure;tube when 
the water’ ‘is clean.” |Newj- tests, ‘are 


checking effects of dirt in the seal. 

Fuel configuration. Asin the Sylcor- 
fabricated fuel elements for the tank- 
type Belgian test reactor BR-2, each 
PTR fuel element consists of six con- 
centric fueled “tubes.’”’ Each ura- 
nium-aluminum fuel tube is made up 
of three -120-deg curved plates whose 
side edges are roll-swaged into slots in 
three aluminum support webs that ex- 
tend the 25-in. length of the plates. 
In PTR the pressure tube fastens 
around the fuel-tube assembly and a 
cap atop the pressure tube reverses the 
coolant flow so the water goes through 
the fuel element in two passes. 

Fuel programming. With a hexa- 
gonal core load of 24 fuel elements 
(each containing ~220 gm U2** and 
1.4 gm natural boron as_ burnable 
poison) and five double-Y-shaped con- 
trol rods about 9% reactivity excess 
will be available for burnup. This 
gives an average fuel-element life of 
45 days (about the same as that of the 
fuel in the Oak Ridge Research Re- 
actor); in this way the PTR will use 
165 fuel elements during an operating 
year of 300 days at 25 Mw. To main- 
tain reactivity as operation proceeds 
the operator periodically will add beryl- 
lium reflector elements ‘to the core 
periphery and will replace groups of 
spent fuel elements. 
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The specialists at General American’s 
Kanigen plant in Sharon, Pennsyl- 
vania can deposit an even coating of 
hard nickel alloy on most ferrous 
metals in common use. Regardless of 
how high, wide or heavy the object 
is, if you can get it to Sharon, we 
can plate its interior. 


Before General American developed 
Kanigen coating, it was next to im- 
possible to deposit an even nickel 
plating over very large surfaces or on 
many complex shapes. Since Kanigen 
nickel plating is purely a chemical 
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process involving no electric current, 
it works equally well on simple or 
complex shapes and on smal! or large 
surfaces. Thickness uniformity of 
the coating is independent of part 
complexity or size. 


Only General American and its 
authorized licensees around the world 
can show you how Kanigen coating 
may improve your product. The 
Kanigen process is protected by 
more than 30 separate patents. For 
detailed technical literature, write 
for bulletin No. 561. 
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Search for a Nuclear 


Thermionic Emitter 


by PAUL STEPHAS, General Electric Company, Pleasanton, California 


One of the important problems of 
developing a thermionic device to con- 
vert nuclear heat into electrical energy 
is finding a suitable thermionic-emitter 
material to coat the nuclear fuel. For 


a converter using ionized’ gas (such as 
cesium) the emitter material should 


have 
*high melting temperature—at least 


| 2,000°C 


® noncondensable 
2mm Hg at the oper- 


vapor pressure ho 


| ating temperature 


® evaporation rate low enough to per- 
mit long operational life 

® jarge thermionic current density 
*either low neutron cross section or 


the capability to be used as very thin 


| coatings. 


A survey of the literature turns up 


well over a hundred elements and 
binary compounds with melting tem- 
peratures over 2,000°C See for exam- 
ple Refs. 1 and 2. Note also the large 
between the 
peratures obtained from different 
third 


listed above narrow this field 


melting tem- 
sources The second and 
criteria 
down to the materials shown in Table 1. 

Of this list of most promising mate- 
closest to 
satisfying all criteria are the carbides 
and borides of the rare earth and transi- 
investi- 
tetra-, and dode- 
carborides would provide a better 
understanding of the thermionic prop- 
erties of materials, and open the possi- 


bility later of tailoring materials: to 


| obtain any desired thermionic property. 


Emitter Criteria 


\ thermionic converter that uses 


a uranium-carbide—zir¢ onium-carbide 


| solid solution as both emitter and heat 


source has been built and operated in 
a reactor with moderate success (3, 4). 


This combined fuel-emitter approach 


| fixes the thermionic characteristics of 
| the device and may present other prob- 


lems. For example Battelle reports 
that fission products recoil from the 
uranium carbide and collect in the 


space around the fuel (5). These fis- 


sion products might contaminate the 
low-pressure cesium vapor in a con- 
verter. A solution to this is to have a 
nonfissile emitter coating the fuel to a 
thickness greater than the recoil dis- 
tance, perhaps with a diffusion barrier 
between them. 

Operating temperature. 
mum temperature at which the emitting 


The maxi- 


material can operate in a reactor is 
determined by the maximum tempera- 
ture of the nuclear fuel. The fuel will 
ordinarily not be molten because of the 
associated fuel-containment problems. 
Indeed the surface temperature of the 
fuel will probably be low enough to 
enable the fuel to support its own 
weight. For example although ura- 
nium carbide melts at about 2,500°C, 
it can be easily deformed by plastic flow 
at 1,800°C (6). The melting points 
of high-temperature uranium binary 
compounds range from 2,400 to 2,850°C 
for the carbides UC and UCo, uranium 
nitride and uranium dioxide. Higher 
melting points are possible with ternary 
alloys; an alloy of uranium carbide 
UC) with 25 m/o (mole per cent) of 
zirconium carbide as a solid solution 
melts at 3,000°C. If we 
thermal conductivity of the fuel, the 


consider the 


need for the fuel to support its own 
weight, and the emission cooling of the 
surface at large power output for the 
thermionic converter, the surface tem- 
perature of the nuclear fuel and, hence, 
the emitter temperature will probably 
not exceed 2,500°C 

To establish a lower temperature 
limit we note that for anodes presently 
available a converter efficiency greater 
than 20% and an electric-power output 
greater than 20 watts/cm? of emitter 
surface would require an emitter tem- 
perature greater than 2,200°C (7, 8). 
Therefore we are interested in seeking 
possible emitters among those mate- 
rials that melt above 2,000°C 

Evaporation rates. An important 
limitation on the life of an emitter is 
its rate of evaporation. This rate is 
highly dependent and 
usually becomes quite large near the 


temperature 


(Continued on page 70) 
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Nuclear Thermionic Emitter This article starts on page 66 


‘ melting point of the material. If the 
evaporation rate is significant at the 
operating temperature, the material 
may deposit on the surfaces of the 
insulators or close the cathode-to-anode 
gap by uneven deposition on the cold 
anode; either will tend to short out the 
device and make it inefficient or 
inoperative. 

Many oxides, nitrides, and sulfides 
evaporate by dissociation, forming 
noncondensable gaseous species. The 
electron scattering due to such gases 
will be tolerably low if the noncon- 
densable vapor pressure of the emitters 
is at least one tenth the vapor pressure 
of the cesium gas. The cesium vapor 
pressure of an operating device will 
probably be no lower than 0.1 mm Hg. 
Thus, the maximum noncondensable 
vapor pressure of suitable emitters 
must not exceed 10-? mm Hg at the 
operating temperature. 

Table 1 lists several compounds that 
melt above 2,000°C and probably have 
evaporation rates in this range. 

Oxides in general have high vapor 
pressures above 2,000°C (1, 9). In 
particular CaO, Cr.0;, MgO, SrO, 
UO;, ZrO, and probably HfO, cannot 
be used in a vacuum at these tempera- 
tures. The rare-earth oxides probably 
also have high vapor pressures, but 
may be suitable at lower temperatures 
(10). This leaves thorium dioxide 
(ThO:) and beryllium oxide (BeO) as 
possible candidates, although the latter 
may have high electrical resistivity. 

The nitrides usually dissociate at or 
just above their melting points, while 
some dissociate considerably below 
(11). Titanium and zirconium nitrides, 
and the graphitic form of boron nitride 
all melt near 3,000°C. At 1,700°C 
their thermionic current density is re- 
ported to be about 0.04 amp/cm? (12); 
the investigators, however, could not 
measure the wor functions due to the 
very high vapor pressures of these ma- 
terials. The mono-nitrides of hafnium, 
thorium and uranium have dissociation 
pressures greater than 10-*? mm Hg at 
2,300°C (11). Similar results can be 
expected with the nitrides of other 
metals. 

Brewer and his colleagues report the 
vapor pressure of thorium monosulfide 
(ThS) to be around 10-* mm Hg at 
2,200°C, while the other thorium sul- 
fides, uranium sulfide (US), cesium 
sulfide (CeS), and barium sulfide (BaS) 
are quite volatile at this temperature 
(11). All the rare earth and transition- 
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metal sulfides are probably volatile at 
this temperature. 

Lafferty reports that the evaporation 
rate of the rare-earth hexaborides was 
low enough to allow him to measure 
the work function of some of these 
materials (13). In Russia, rare-earth 





TABLE 1—Low-Vapor-Pressure Mate- 
rials Melting Above 2,000°C 





Compound melting point (°C) 


Carbon 
compounds 


Boron 
compounds 


Ele- 


ment 





Ba BaBs 
C B,C 
Ca CaB, 2,300 
Ce CeB, 2,190 CeC, 
DyBs ? 
Er ErBs ? 
EuB, 2,500 
GdB, >2,150 GdC, >2,200 
HfB, 3,250 HfC 3,900 
HfC-2TaC 4,140 
HoC,; >1,900 
2,200 LaC, >2,000 
Mo.C 2,700 
MoC 2,700 
NbC 3,400 


>2,000 
2,450 Graphite 4,000 
>2,300 


ErC;, >1,900 


LaB; 


NbB 
Nb;B, 
NbB, 3,050 

NdB, 2,540 NdC, 
PrBs ? 

ScBs ? 

SmB, 
SrB, 
TaB 
Ta;B, 
TaB; 
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hexaborides have been used as therm- 
ionic emitters in a synchrophasatron, 
magnetron accelerator, and a cyclotron 
with lives up to 250 hr, compared with 
12 hr for tantalum cathodes (10). 
Other borides are equally stable. 

The refractory carbides are gener- 
ally quite stable in vacuum at 2,200°C; 
NbC, HfC, MoC, TaC, Ta.C, ThC,, 
TiC, WC, W.C, and ZrC have vapor 
pressures below 10-‘ mm Hg (11). At 
2,100°C, the vapor pressure of SiC is 
about 10-? mm Hg (14) and that of 
ALC; is about 0.5 mm Hg at 1,800°C 
(15). Thus, not all high-melting car- 
bides are suitable as high-temperature 
vacuum materials. 

Graphite has a vapor pressure of 
about 10-* mm Hg at 2,100°C (16). 
Diamond and borazon* are thermody- 
namically unstable at low pressures. 
Diamond completely transforms to 
graphite at 2,000°C (17) with the trans- 
formation starting at about 1,300°C. 

Finally the monocarbides of the 
rare-earth metals probably exist, have 
high melting points, and low evapora- 
tion rates. 

Thermionic emission. The thermi- 
onic current density J for a given mate- 
rial can be described by the Richardson- 
Dushman equation: 


ed 


J =AT% *T 


¢ is the thermionic work function of 
the emitter 

T is the absolute temperature of the 
emitter 

k is Boltzmann’s constant 

e is the electronic charge 
The emission constant A has a theo- 
retical value of 120 amp/cm?-°k? for 
clean metal surfaces. Both the work 
function and the emission constant 
may be functions of the temperature 
(18, 19). In this situation a Richard- 
son-Dushman type equation will usu- 
ually still describe the data, but ¢ and 
A are now the Richardson work func- 
tion and the Richardson emission con- 
stant obtained from the slope and inter- 
cept of a plot of log //T? against 1/7. 
Alternatively, the theoretical value of 
the emission constant can be used to 
calculate an effective work function for 
a given temperature. The latter 
method may give more consistent 
results in thermionic-converter 
calculations. (Continued) 


*Boron nitride with a diamond struc- 
ture. 
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Table 2 lists the Richardson work 
functions and emission constants for 
several high-temperature materials. 
We see from the data that the work 
functions quoted by various investiga- 
tors might differ by 30% and the 
emission constants by orders of magni- 
tude (see for example the data for UC 
and ZrC). Aside from sample and sur- 
face impurities, such discrepancies are 
usually attributed to the crystal 
orientation of the surface grains, their 
relative sizes, and the magnitude of the 
accelerating potentials used to obtain 
the data (18). These factors join to 
form a “patch” effect, which is exagger- 
ated when the emitter is a semicon- 
ducting material. 

The work function and emission con- 
stant obtained with a weak accelerating 
field are more directly applicable to 
thermionic-converter calculations, be- 
cause these devices operate in the weak- 
field region. One must exercise cau- 
tion in using such data because they 
refer to a specific range of grain sizes 
and orientations. The magnitudes of 
the weak-field coefficients are larger 
than those obtained with a strong accel- 
erating field. 

One method of ionizing cesium vapor 
is to allow it to come in contact with a 
hot surface whose work function is 
greater than 3.87 volts, the ionization 
potential of cesium. A piece of hot 
tungsten can be introduced into the 
cell for this purpose (20). The Los 
Alamos device may use the uranium- 
carbide—zirconium-carbide emitter for 
the ionization surface (3). The hexa- 
borides of neodymium, samarium, 
europium and possibly promethium 
and terbium as well as ZrB could be 
used similarly as ionization surfaces as 
well as emitters. 

Neutron cross-section. Since we 
are concerned with thermionic con- 
verters for use in a nuclear reactor, the 
neutron cross section of the emitter 
material is important. A very low 
cross section is not necessarily required 
because only a thin surface layer of 
emitting material is needed. The 
thickness of this layer is determined by 
the evaporation rate of the material 
and the ‘length of operating time 
desired. 

Borides are not disqualified if the 
small-cross-section isotope B"™ is used, 
or if thin layers are used. Similarly 
not all the rare earths have such large 
cross sections as to be useless. 
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Emitter Materials 


The five dozen or more possible 
emitter materials listed in Table 1 are 
the result of applying the previous 
criteria. It would require a heroic 
effort to fabricate each of these and 
measure its thermionic properties in a 
reasonable length of time. The fifteen 
that melt above 3,000°C, however, 
should be investigated for devices de- 
signed to operate at 2,500°C. In this 
group are carbides and borides of 
transition metals that have large 


Richardson-emission constants in con- 
junction with large Richardson work 
functions. 

At present, we cannot predict the 
exact thermionic behavior of materials 
but work is progressing in this direc- 
tion. Samsonov and Neshpor (2/1, 22) 
have correlated the work functions of 
the rare-earth hexaborides with the 
atomic number of the metals and find 
a fairly smooth dependence. They 
further correlated this dependence to 
the number of possible states of the 4f 
electrons. Kmetko (23) suggests that 





TABLE 2—Thermionic Properties of Promising Materials 





Work function 
¢ (v) 


Thermionic constant 
A (amp/cm*-°K?*) 


Emissivity* Reference 
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W 
Ta 
Ta 
Mo 
Mo 
Nb 
ThO, 
TiC 
ZrC 
ZrC 
ZrC-20 m/o UC 
UC 
UC 
TaC 
ThC; 
TaB 
ZrB 
BaB, 
YB; 
LaB, 
LaB, 
CeB; 
CeB; 
PrBs 
NdBs 
SmB. 
EuB, 
GdB, 
DyBs 
HoB, 
ErBs 
YbB, 
LuB; 
Misch-metal Bs 
CaB, 
SrBs 
ThBez 
ScBs 
LaBi: 
CeBi: 


45 
55 
-19 
10 
.20 
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55 
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8 
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37 
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6.6 X 10* 
7.3 X 105 
33 
0.30 
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10 
3.5 X 10 
16 
15 
29 
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300 
420 
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the anomalously large and small emis- 
sion constants A arise because the car- 
bon or boron atoms increase the dis- 
tance between the metal atoms enough 
to cause the incomplete f or d subshells 
to form narrow nondegenerate energy 
bands. Additional data on the di-, 
tetra-, and dodecarborides should help 
clarify thermionic behavior and possi- 
bly reveal some very useful emitters. 
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Radionuclide Tags Simplify Bird-Migration Studies 


How can one follow the complicated 
pattern of bird migrations quickly and 
simply? ‘Tag them with radionuclides, 
say biologists at Hanford Laboratories, 
who explain that the nuclear age has 
now entered the bird-banding business 
in the state of Washington. No longer 
must birds in the Hanford area suffer 
the trials and tribulations of being 
handled and tagged with tiny metal 
bands that help ecologists trace their 
migration. Instead by simply feeding 
in the Columbia River that flows 
through and cools the eight Hanford 
plutonium reactors game birds are 
automatically tagged with tiny amounts 
of radionuclides that are harmless to 
them but will give biologists later on a 
sure indication that the birds were in 
the neighborhood. Not only is this 
method far simpler and quicker than 
the conventional bird-banding tech- 
nique—first you catch the bird, then 
fit it with the metal tag—but also it 
should lead to far greater knowledge of 
bird migratory habits in the north- 
western part of this country. 


The system works like this. As the 
river flows through the Hanford reac- 
tors slight amounts of P*? (14.5-day 
half-life) and Zn*®* (245-day half-life) 
form and are carried out of the reactor. 
When the birds feed in the river they 
absorb small amounts of these nuclides 
—the average total beta radiation in- 
cluding fallout from all birds tested is 
0.2 nanocuries/gm wet weight (nano = 
10-*) ; the amount varies depending on 
the feeding habits of the birds and the 
length of time they stay at the river. 
The Hanford Laboratories then gather 
from sportsmen and wildlife organiza- 
tions the heads of fowl that have been 
killed and analyze them with a multi- 
channel gamma analyzer and a low- 
background beta counter. 

So far the laboratory has gathered 
and studied more than 600 heads from 
game birds tagged with radionuclides 
from the river. These heads represent 
14 varieties of waterfowl including 
ducks, geese and mergansers. About 
41% of all the birds sampled at Han- 
ford stayed in the Columbia-River 


region long enough to be labeled. The 
time required varies from two days to 
two weeks depending on the species of 
bird. Hanford ecologists report that 
nearly all the 300,000 water fowl that 
winter in the 600-square-mile nuclear 
reservation are currently tagged by 
trace amounts of nuclides. 

Hanford findings on bird migrations 
indicate that the birds in the region 
generally fall into two categories: those 
in the upper Hanford area are stable 
and remain for relatively long periods 
of time. Birds in the lower region on 
the other hand are transients. They 
feed for a short time and then migrate 
over a large area of southeastern Wash- 
ington. Moreover Hanford biologists 
have found that there are different 
seasonal peaks of tagged birds in re- 
gions surrounding the Hanford reserva- 
tion. During the 1960-1961 waterfowl 
season the largest influx of migrants to 
all areas came during the last week in 
November when a smaller propor- 
tion of Hanford-labeled birds showed 
up in the neighborhood. 


Neutron-Activation Analysis: New Tool Against Crime 


The newest detective in the world of 
criminology is neutron-activation anal- 
ysis. By using this extremely sensitive 
and accurate technique criminalists 
think that they may often be able to 
blast a suspect’s alibi wide open. For 
example neutron-activation analysis 
can tell you whether a suspect recently 
fired a gun; it can identify a tiny piece 
of hair caught in a victim’s fingernail 
and match it with the hair of a suspect; 
it will analyze and match blood samples 
with great precision and even identify a 
fleck of paint on an automobile bumper 
—often too small to be analyzed by the 
most sensitive spectroscope—as coming 
from a particular car during a collision; 
and perhaps in the future it will exam- 
ine a sliver of glass found in a suspect’s 
trouser cuff and show that it came from 
a broken window at the scene of a 
robbery. 

In California, General Atomic and 
the Los Angeles Police Department 
have been working hand in hand to find 
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out how activation analysis can best be 
used in criminology. So far, according 
to Robert M. Watkins, a radiochemist 
at General Atomic, the results have 
been very good—especially for proving 
that a suspect recently fired a gun by 
finding minute powder stains on his 
hand. Although other techniques have 
been tried in the past to identify gun- 
powder residues, none has so far been 
practical. Now activation analysis 
allows investigators to detect traces of 
residue as small as 2.5 K 10~" gm left 
on the hand of the person firing a gun. 

How do police criminalists use neu- 
tron-activation analysis? First they 
wash the hand of the suspect with a 
special solvent. This solution is put 
in a capsule, irradiated for 30 min in 
the General Atomics TRIGA Mark I 
reactor at a flux of 1.8 XK 10!2n/cm?/sec 
and then analyzed. To improve the 
limits of detection in their early work, 
criminalists have used simple radio- 
chemical separations. 


For analyzing blood stains neutron- 
activation analysis also promises to be 
far more effective than conventional 
chemical tests. Moreover activation 
analysis results from hair studies have 
already been admitted as evidence in 
French and Canadian courts. 

Three outstanding advantages stand 
out for applying neutron-activation 
analysis to criminology. First because 
the method is extremely sensitive it can 
identify and measure parts per million 
—or in some cases even parts per bil- 
lion. Second it can analyze very tiny 
samples of evidence left at the scene of 
a crime or carried away by the criminal 
and later recovered by the police. And 
third, since the method is nondestruc- 
tive, a specimen after analysis can be 
taken into the court room in its original 
undamaged form to be used as evidence. 
Consequently although the application 
of activation analysis to criminology is 
still in its infancy, the technique holds 
great promise for the future. 
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neutron detectors 


BF; PROPORTIONAL COUNTERS: excel- 
lent pulse height resolution characteristics 
... rugged construction utilizing ceramic- 
to-metal seals and heliarc welding tech- 
niques...stainless steel and aluminum 
cathodes. FISSION COUNTERS: excellent 
discrimination between neutron and alpha 
particles...all-aluminum construction util- 
izing heliarc welding...design versatility. 


ask Am perex’ ab 





= 


out the latest developments 


in radiation detectors 


Continual Research and Development of unique and 
specialized components for nuclear applications ... close contact with laboratory and 
field organizations...development of new and improved manufacturing techniques for 
maximum uniformity, reliability and economy—these are the factors that make 
Amperex the nuclear industry's unrivaled source for all types of radiation detectors, 
electron tubes and semiconductors as well as other specialized components. 


geiger tubes 


Low operating voltage...infinite life, halo- 
gen quenched... but with the same plateau 
characteristics and detection efficiencies 
as short-lived “—ee quenched types. 
Plateau lengths of several hundred volts 
with slopes in the order of 2%/100V... 
large pulses...electrical and mechanical 
ruggedness...excellent reproducibility. 
Ideally suited for transistorized circuitry. 


photomutltipliers 


Types 56 AVP and 58 AVP, already famed 
in high energy physics research. Unrivaled 
for time resolution characteristics ... low 
transit time fluctuations ... fast rise time 
.+. extreme uniformity...minimum guar- 
anteed gain 10°. Unquestioned superiority 
for fast coincidence counting, Cerenkov 
radiation, etc. Other types for low noise 
and good energy resolution characteristics. 


--- and ask Amperex about flow and sealed proportional counters for alpha particles and low energy gamma and X-rays. 


AMPEREX ELECTRONIC CORPORATION, Nuclear Products Department, 230 Duffy Avenue, Hicksville, L. I., N. Y. 


in Canada: Philips Electronics Industries, Ltd., Tube, Semiconductor and Components Departments, 116 Vanderhoof Avenue, Toronto 17, Ontario 





Comparing Two Methods For Measuring Tool Wear 


by SLAVCHO POPOV, Research Institute on Machine Building and Metal Working, Sofia, Bulgaria 


To measure wear and tear of sepa- 
rate cutting surfaces on a cutting tool, 
engineers in Bulgaria and the Soviet 
Union are using two new techniques— 
the Nadeinskaya and the Colding 
methods—each of which measures radi- 
ation from W'*’ tracers. Because they 
determine wear on both the front and 
rear tool cutting surfaces, these two 
methods overcome the disadvantages 
of other tracer techniques that measure 
only the total wear from all cutting 
surfaces. At the All-Union Research 
Institute in Moscow we studied these 
two methods to find out what the ad- 
vantages and defects of each are. 

Our results show that although both 
methods give similar results, the Nade- 
inskaya technique is more precise than 
the Colding one—particularly at 
greater cutting speeds. The Colding 
method, on the other hand, is simpler 
and more rapid and represents an ex- 
press technique for measuring wear. 
Both methods, however, measure cut- 
ting-surface wear several times more 
rapidly than existing geometrical or 
weight-measuring methods that do not 
use radionuclides. 


Nadeinskaya Method 


In the Nadeinskaya technique we 
use two tools to cut a surface—one tool 
contains W'*’ and the other is non- 
radioactive. As Fig. 1 shows, when 
they cut material, tools wear away on 
their front and rear surfaces. Parti- 
cles containing tracers from the front 
surface of the radioactive tool stick 
only to the surfaces of shavings (Sur- 
face C) cut off by this tool. Radio- 
active particles from the rear tool sur- 
face, on the other hand, stick to the 
surface of the material being cut (Sur- 
face S). Since the nonradioactive tool 
cuts shavings from this surface, these 
shavings contain tracers only from the 
rear surface of the radioactive tool. 

We gathered the shavings from each 
of the tools separately and measured 
their gamma radiation with a G-M 
counter. These measurements gave us 
the total relative wear (AB) from the 
tool. Relative wear is the ratio of the 
material in milligrams worn from the 
tool to the amount of shavings in grams 
removed during cutting. AB is the 
sum of the relative wear from the front 
(AB;) and from the rear (AB,) surfaces. 
We measured AB, and AB, using five 
cutting speeds: 100, 150, 200, 250 and 


76 


? 





Nonradioactive 
tool 
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/End-window counters 


CAs 








FIG, 1. 


and one nonradioactive. 


300 mm/min. The other parameters 
such as feeding, depth of cut and proc- 
essed material remain constant. 

After we thoroughly mixed each of 
the measured groups of shavings, we 
took three samples weighing ~1 gm 
from each group. We then arranged 
the shavings from the front and rear 
tool surfaces in different planchets— 
first laying them on one side and then 
on the other (Fig. 1)—and measured 
their beta-radiation intensity with an 
end-window counter. By dividing this 
intensity by the weight of the shavings 
in the planchets, we determined the 
specific activity of a unit weight of 
shavings (cpm/gm). This quantity 
indicates relative wear of the cutting 
tool (see Table; symbols are in box). 


Colding Method 


A single tool containing W'*’ does 
the cutting in the Colding method. 


NADEINSKAYA METHOD uses two tools to measure wear rates—one radioactive 
Three-stage procedure gives relative wear from surfaces 


Consequently shavings that are cut off 
are covered with radioactive particles 
on both sides; as Fig. 2 shows, particles 
from the front tool surface stick to Sur- 
face A of the shavings and particles 
from the rear tool surface adhere to 
Surface B. 

We use the same equipment in this 
technique as in the Nadeinskaya 
method. After determining the rela- 
tive wear (AP) with the gamma counter, 
we found the beta-radiation intensity 
with the end-window counter. The 
specific activity, as in the other method, 
characterizes wear along front and rear 
tool surfaces (see Table). 

Measures of wear can be made with 
the Colding method if the shaving 
thickness is >0.3-0.4 mm. If shav- 
ings have thicknesses greater than this 
value the beta radiation on the lower 
side of the shavings is absorbed by the 
shavings themselves; only radiation 





What the Symbols Mean 


For Nadeinskaya method: 
= AB, + AB, 


counter 


H,*, H,>, H, 
side of tool 
For Colding method: 





relative wear from front (AB;) and rear (AB,) tool surfaces 

H-* radiation intensity of unit weight of shavings containing 
products from wear on front tool surface (when shavings 
have side a toward end-window counter) 

H,> same as H-* except that side b of shaving is turned toward 


H; total intensity of unit weight of shavings containing products 
from wear on front tool surface 
same as above three values except that these apply to rear 


AP relative wear from front and real tool surfaces 

Ir radiation intensity of unit weight of shavings containing 
products. worn from front tool surface 

l, same as above but for rear surface 
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6 for $13.00 
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add $1.00 ver order, SATISFAC- 
TION GUARANTEED OR YOUR 
MONEY BACK. 


BURNDEPT 


UNIVERSAL SCINTILLATION COUNTER 


SPOTLIGHT ON THE BN.120 

A multi-purpose instrument for medical, industrial and research 
applications. It can be used either as a general purpose probe or 
as a highly specialised instrument. An eleven-stage photo- 
multiplier is carried on anti-vibration mountings in a tubular 
metal case which also contains a high resistance dynode chain. 
A sodium iodide crystal, 14 in. dia. by 1 in. thick is held in optical 
contact with the photomultiplier tube, but alternative crystals or 
phosphors can be supplied to cater for all types of radiation. 
Adding a lead skirt and a wide angle, parallel bore collimator to 
the basic unit provides a very sensitive partially directional 
counter. Highly directional properties can be obtained by an 
insert which screws directly into the collimator. Chromato- 
graphic detection is available by a slotted collimator fitted to the 
lead skirt and basic unit. A cathode follower 

unit is available for low impedance output. 


Enquiries welcome: 

HEALTH PHYSICS DIVISION 

BURNDEPT LTD., ERITH, KENT, ENGLAND. 
Telephone: ERITH 33080 
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0.3 CPM BACKGROUND USING LEAD 
SHIELDING AND ANTICOINCIDENCE 


The Detector 


Gas flow geiger counter constructed of electrolytic copper 
and plastic. Choice of 11%" or 2%4" diameter counting chamber. 


The Window 
0.8 mg/cm? aluminized mylar mounted on a copper ring for easy 
replacement. Special thin window of 100 microgms/cm? available. 


The Sample Changer 


A plastic slide with planchet inserts to permit counting a variety 
of sample types in the same instrument at no extra cost. 


Anticoincidence Guard 
Mounted on top of the flow counter and similar in construction. 
Overall dimensions of 534” with 8 center wires. 


For complete information write to. 


ISOTOPES, INC. 


123 Woedlend Avenve, Westwood, New Jersey ’ 
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THERMOCOUPLE 
ASSEMBLIES 


More than 100 complete T/C assemblies, 
available in a range wide enough to cover 
most applications in any industry, under 
any environmental conditions. Included 
are straight, angle, high-speed, high- 
temperature and spring-loaded assem- 
blies. They are among many thousands 
of accessories—all available from a 
single dependable 

source—to help 

your instruments 

perform at their 

best. 


Get details from 
your Honeywell 
field engineer, or 
write today for 
Catalog G100-1. 


MINNEAPOLIS-HONEYWELL, Wayne and 
Windrim Avenues, Philadelphia 44, Pa. 
In Canada, Honeywell Controls, Ltd., 
Toronto 17, Ontario. 


Honeywell 
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Radiation Intensities Measured for Two Methods 





Culling speed (mm/min) 100 


150 800 





Nadeinskaya Method 

H;* (epm/gm) 50 
H/ (cpm/gm) 15 
H, = H;* + H/ (ecpm/gm) 65 
H,* (epm/gm) 16 
H,’ (ecpm/gm) 25 
H,* + H,’ = H, (epm/gm) 4l 
H; + H, (epm/gm) 106 
Colding Method 

I; (epm/gm) 

I, (epm/gm) 99 
I; + I, (epm/gm) 

AP (10-*) (mg/gm) 


1,160 5,520 
104 309 
1,264 5,830 
15 14 

15 27 

30 41 
289 5, 866 


2,673 
276 
2,949 
2.60 


21,700 
1,590 
23 , 290 

27.2 





from particles stuck to the shaving 
surface toward the counter registers. 


Comparing the Two 


To compare the .two methods we 
used data derived from the table to 
plot AB, AP, H, + H,, I7+1,, H, 
and J, as functions of cutting speed 
(Fig. 3). In making these graphs we 
took advantage of the fact that AB 
and AP are almost equal when the 
cutting speed is 300 mm/min (AB is 
0.00333 mg/gm and AP is 0.00272 
mg/gm). Thus AB = AP = H,; + 
H, = I; + I, = 1 for cutting speeds of 
300 mm/min. 

One would expect the curves for AB 
and AP as well as those for J, + J, and 
H, + H, to coincide in Fig. 3. They 
don’t coincide, however, because it is 
impossible to create identical examina- 
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G-M counter 
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y radiation 
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End- window 
counter 
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I, a Planchet 
Shovings 











FIG. 2. COLDING METHOD uses only one 


tool—a"radioactive’one—to measure wear 


tion conditions. Since the character of 
the two sets of curves is the same, 
both methods give similar results. 

One can also see from Fig. 3 that 
H,+H, and I;+TJ, have greater 
values than AB and AP. Two reasons 
account for this fact. First, a small 
part of the particles from the radio- 
active tool adhere to the surface edges 
of the shavings and consequently influ- 
ence counter readings from both sides 
of the shavings. Second, in measuring 
with the end-window counter one re- 
cords not only beta radiation from the 
upper side of the shavings but also a 
small amount of gamma radiation from 
both sides. This imperfection in meas- 
urement also affects the 7, curve, which 
increases considerably with larger cut- 
ting speeds while H, hardly changes. 
If shavings have about the same activ- 
ity on both sides, the gamma influence 
from the lower side is not great. If, 
however, the difference in activity from 
the two sides is large, when the more 
active side of the shaving is turned 
away from the counter its influence is 
considerable. This fact is so even 
though the amount of gamma radi- 
ation registered by the counter as com- 
pared with that of beta radiation is 
insignificant. 


Conditions for Experiments 


To make sure that our experiments 
were correct we made checks on our 
equipment and methods. In our first 
check to find how beta radiation is ab- 
sorbed, we put, one after the other, four 
iron plates—each 0.28 mm _ thick 
above the planchet holding the shav- 
ings and then measured the beta radi- 
ation. After turning the shavings over 
on their other sides, we repeated the 
measurement. Our results show that 
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Relative Wear from Front and Rear Surfaces 








“700 150 200 250 
Cutting Speeds (mm/min) 


FIG. 3. RELATIVE WEAR AND CUTTING 


speed show methods give similar results 


when the thickness of the absorber in- 
creases, the intensity measured de- 
creases. In addition, besides back- 
ground radiation the end-window 
counter registers an insignificant 
amount of gamma radiation that does 
not change with different absorber 
thicknesses. This fact may explain 
the differences in curves in Fig. 3. 

One must also check to see whether 
the counter measurements are different 
if one changes the position of shavings 
from the same sample. To make this | 
check we put shavings from the same 
sample in the planchet in different 
positions and took measurements. We 
found that deviation from the mean | 
arithmetical value of intensity did not | 
exceed +5%. Deviations in intensity 


from shavings obtained at the same | 
| 





cutting speed did not exceed +10%. 

Finally we plotted the dependence | 
between (J, + J,)/AP and the thick- 
ness of the shaving in Fig. 4. In mak- 
ing the graph we assumed that when | 
the shaving thickness is 0.82 mm, 
I,+J,= AP = 1. One can see that 
when the shaving thickness is <0.4mm, | 
one should not use the end-window | 


counter because of the deviation. | 


What We Found | 


As Fig. 3 shows, the two methods | 


i 


theless the Nadeinskaya tool-wear 
method gives more precise results than 


the Colding technique, especially at 
greater cutting speeds. In addition 
this method enables one to make in- 


give almost the same results. Never 


Vol. 19, No. 12 - December, 1961 


THE SEEING EYE OF THE 


WORLD'S LARGEST 
ATOM SMASHER 


GPL Closed-Circuit TV Aids Nuclear Studies 
At Many Atomic Research Projects 


Nuclear scientists have found a powerful tool in GPL Closed-Circuit 
TV systems. Immune to radiation, they play an important role in 
many aspects of nuclear research. Among the functions they per- 
form are: monitoring of beam pattern and positioning in particle 
accelerators, display of Gaussian curve functions and monitoring of 
remotely controlled counter and collimator gear as well as the 
surveillance of “hot” areas. 
GPL Closed-Circuit TV systems have proved themselves in nuclear 
research—a fact attested by their use in over fifteen top-name 
laboratories including: 
Argonne National Laboratory 
Brookhaven National Laboratory 
Convair, Division of General Dynamics 
Ethicon, Inc. (Johnson & Johnson) 
James Forrestal Research Center (Princeton University) 
Metals & Controls Inc., y 
A Corporate Division of Texas Instruments Incorporated f 
National Aeronautics and Space Administration 
Nuclear Development Corporation of America pear wt P-412 
Oak Ridge National Laboratory, for illustrated brochure: 
Operated by Union Carbide Corporation “HOW MANY JOBS” 
Por the U.S. Atomic Energy Commission See for yourself 
Westinghouse Electric Corporation pater jobs GPL 
W. W. Hansen Laboratories of Physics, Stanford Univ. can help ante ster. 


GPL DIVISION 
D GENERAL PRECISION, INC. 
Pleasantville, New York 








RADIOACTIVITY 
CONTAMINATION 
DETECTION SYSTEMS 
AVAILABLE FROM LIONEL 


NEW TRANSISTORIZED MODELS 
NOW AVAILABLE 


AIR PARTICLE MONITORS 
Portable and rack mounted a, b, v air 
particle monitoring units. Moving paper 
and fixed paper instruments available. 
Produced to latest AEC and military 
specifications. 


PORTABLE TRANSISTORIZED 
SURVEY METERS FOR 
LABORATORY OR FIELD USE 
Available with beta gamma probe, 
headset, carrying-strap, batteries 
(standard flashlight “D” cells) and 
complete manual, Type 700. Also 
available as above with interchange- 
able end-mica window alpha, beta, 
gamma probe in place of standard 

probe, Type 701. 


PORTAL 


“CHECK-OUT” 
MONITORS 





“Head-to-toe” b, y monitored exiting. 
Effective rapid portal monitor offers 
eight individual alarm channels. Com- 
plete with long-lived, thin-walled 
Lionel /Anton halogen-quenched stain- 
less steel detectors. 


Measuring Tool Wear 
This article starts on page 76 
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Thickness of Shavings (mm) 


|FIG. 4. SHAVING THICKNESS versus 
| intensity shows that when thickness is <0.4 
| mm deviation is great 


| vestigations even when the thickness 
of the shavings is <0.3-0.4 mm; in the 
| Colding method errors are considerable 
| for shavings of this thickness. 

| The Nadeinskaya method has the 
| disadvantage that shavings are cut by 
two cutting tools. This two-tool ar- 
| rangement is complicated and its appli- 
cation—particularly on small shaving 
thicknesses—results in considerable 
time loss for adjustment. 

| The principal advantage of the Cold- 
| ing method on the other hand is that it 
| represents a quick and simple way to 
| measure cutting-tool wear. 

| With both methods, however, as 
|compared with other existing tech- 
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ALPHA, BETA, GAMMA AND 
NEUTRON DETECTORS 
More than 100 types of detectors 
covering the entire range of nuclear 
radiation... unique configuration and 
“special application” devices. The 
Lionel/Anton Neutron Detector Cata- 
log and the Lionel/Anton a, b, v 
Detector Catalog belong in your 
radiation facility reference file. 
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= niques, one can determine surface wear 
several times more rapidly and com- 
| paratively more precisely. Thus these 
| techniques are important for instru- 
ment- and machine-building plants. 


* * * 


I would like to express my thanks to Eng 
| Krasko, director of the Isotopes Laboratory 
at the All-Union Instrumental Research 
Institute in Moscow. 
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Model-C Stellarator Starts Up at Princeton 


Following many years of planning and preparation the Model-C stellarator 
began operating on a limited basis during the past summer. 
instrument—the largest and most expensive of the fusion-controlling devices now 
being explored in the United States—physicists hope to unravel many of the 
mysteries of high-temperature plasmas and pave the way for their ultimate goal— 
controlled: thermonuclear fusion. 


As you will recall, the C-stellarator works in the following way. Gases in the 


With this massive | 


LABAC 


race-track-shaped stainless-steel vacuum vessel are partially ionized by 100-250 ke | 


pulses (1-10 msec, 400 kw peak power, 3 pulses/min at 10 msec or 10 pulses/sec at | 


| msec) and confined within the 8-in. diameter vessel by a magnetic field that can 
reach 40 kilogauss. 
uses ohmic heating 


To completely ionize and raise the plasma temperature one | 
two large coupling transformers around the stellarator | 


U-bends induce currents up to 50,000 amps in the plasma causing ions and elec- | 


trons to heat up on collision. 
~1,000,000°K because electrons run away with the energy and no longer collide 
withions. Therefore above 1,000,000°K a form of magnetic pumping is proposed. 
By alternately increasing and decreasing the confining magnetic field, at a 
resonant frequency one can couple energy into the plasma. With this heating 
the Princeton plasma physicists hope to bring the plasma up to 100,000,000°K—a 
useful temperature for fusion. 


C-STELLARATOR, now operating on limited basis, still needs divertor and magnetic-pumping 
equipment before it can reach temperatures and confinement needed for fusion 


To minimize loss of energy through radiation—the “pump-out” problem— 
impurities in the C-stellarator must be kept low. Therefore the C-stellarator will 
have an elaborate vacuum system as well as a divertor that magnetically scrapes 
off impurities in the outside of the plasma. 

Although an enormous amount of hardware has now been assembled at the 
Princeton Plasma Physics Laboratory for this project, the Model-C stellarator 
is still quite a way from completion. So far the stellarator has been operating 
without the stabilizing winding, divertor and magnetic-pumping equipment. 

In the meantime operation of the parts already in place is being checked out. 
In particular the ohmic-heating and vacuum system are being tested. So far the 
vacuum system has worked to pressures as low as 10-* mm Hg, although normal 
operating pressures are 10~‘mm Hg. In addition Princeton physicists are check- 
ing the pump-out phenomenon and the relation between the confinement time and 
radius of the vessel. Although results are still preliminary, Donald Grove, in 
charge of the C-stellarator, announced at the September IAEA controlled-fusion 
conference in Salzburg that despite observations of the pump-out phenomenon, 


the confinement time is more than an order of magnitude longer than that for the | 


B-3 stellarator. By comparing in detail results from models B-3 and C, the 
Princeton group finds that the confinement time is proportional to the square of 


This heating method, however, breaks down at 


VARIABLE 
SOLID STATE 


POWER REGULATOR 


. .. for manual or remote control of 
a-c power to electrical loads. 


LABAC, a lab sized a-c power regulator, 
replaces either a variable transformer or 
saturable core reactor. 


COMPACT— Weighs only 7% pounds. 
Takes less space than a telephone. 


VERSATILE — May be adjusted manually or 
by remote control. Signal variation from 
0 to 5 ma proportions output from zero to 
‘full power (power gain: one million). Can 
also be used as a silent ON-OFF controller 
| triggered by 5-ma signal. 





DURABLE—No moving parts or vacuum 
tubes, just a magnetic amplifier and two 
‘silicon controlled rectifiers. 


|CONVENIENT — Operates on 115 or 230- 
volt 60-cycle line, rated for 20-amp. load. 


FAST RESPONSE — Within one cycle of line 
frequency. 


APPLICATIONS — Stage light dimming 
Experimental apparatus © Laboratory 
ovens and kilns ¢ Sales demonstrators. 


Other R-I power regulators have ca- 
| pacities up to 800 amps. 


a. ‘ a 


P.O. Box 6164N, Minneapolis 24, Minn. 





the plasma radius, thus confirming the idea that plasma is lost by a diffusion | 


pre cess. 
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Modern Physics for the Engineer 


Edited by LOUIS N. RIDENOUR and WILLIAM 
A. NIERENBERG (McGraw-Hill Book Co., New 
York, 1961, $9.50, xv + 384 pages) 


Practical Nucleonics 


By F. J. PEARSON and R. R. OSBORNE (E. & 
F. N. Spon Ltd., London, 1961, $4.50, xvi + 20 
pages) 


Introduction to Nuclear Science 


By ALVIN GLASSNER (D. Van Nostrand Co., 
Inc., Princeton, N. J., 1961, $3.75, x + 213 pages) 


Reviewed by Joun D. Ranpvatt, Depart- 
ment of Nuclear Engineering, Agricultural 
and Mechanical College of Texas, College 
Station, Texas 


None of today’s engineers would 

question the importance of keeping 
abreast of current developments in 
modern physics. Too few, however, 
probably keep informed of progress in 
fields other than their own. The sec- 
ond edition of ‘Modern Physics for the 
Engineer”’ will help relieve this prob- 
lem and I highly recommend it to 
every engineer. 
' The rewards from reading this book 
are many fold. First, it accomplishes 
its objective of covering the work in 
physics today. The topics include 
work in high-energy physics, nuclear 
structure, solid state, superconductiv- 
ity, magnetohydrodynamics, origin of 
the nuclear species, radio astronomy, 
origin of the earth’s magnetic field, 
fusion, reactor technology and hyper- 
sonic research. 

Second, it points out that the sepa- 
ration between various disciplines is 
vanishing. Some direct evidence in 
support of this statement is the combi- 
nation of hydrodynamics, electricity 
and magnetism, and nuciear physics 
necessary in fusion research or the in- 
clusion of molecular and ionic physics 
in hypersonic aerodynamics. Perhaps 
the most significant benefit from the 
book is pure enjoyment. Each of the 
sections of the book is written by one 
of the most eminent men in his field. 
In every chapter one can feel and share 
the enthusiasm of the author as he 
discusses current problems under 
investigation. 

The reader who picks up this book 
will find it difficult to lay down until 
he has read it from cover to cover. It 
is refreshing to find a book on modern 
physics that displays the field as the 
exciting and stimulating science it 
really is. 

The authors describe the second of 


these three books, ‘‘Practical Nucle- 
onics,” as a course of experiments in 
nuclear physics and nuclear engineering. 
In the early part of the book they in- 
troduce important fundamental con- 
cepts such as the quantum hypothesis, 
which is examined in an experiment on 
hot-body radiations. Then follow de- 
scriptions of the various kinds of radio- 
activity first using a leaf electroscope 
and then using a G-M counter. The 
coverage is completed with experi- 
ments on scintillation counting, neutron 
detection and “nuclear’’ electronics. 

Although the experiments are occa- 
sionally ingenious, the book does not 
satisfy the need for covering experi- 
mental nuclear engineering. Entirely 
too much emphasis is placed on limited 
or outmoded techniques while impor- 
tant methods in wide use today are 
given only slight recognition. 

Many of the experiments, though 
well organized, become little more than 
recipes. For example the authors out- 
line certain procedures without explain- 
ing why they adopt them. This tech- 
niques is not conducive to the best 
laboratory training in which as much 
can often be learned by examining the 
design of an experiment as from the 
results. 

One major complaint I have is that 
some of the descriptions and theories 
of experiments are simplified to such 
an extent that they will undoubtedly 
cause confusion and misunderstanding 
among untrained readers. For exam- 
ple in measuring the diffusion length of 
thermal] neutrons in paraffin the authors 
give a solution to the one-group diffu- 
sion equation for a point source of ther- 
mal neutrons in an infinite medium and 
point out that by comparing the de- 
rived thermal-flux distribution with 
that determined experimentally, one 
gets the diffusion length. However, 
since the source used in the experiment 
is a fast one, both the theory and the 


experimental techniques described by 
the authors are invalid. 

In contrast to such shortcomings, 
the authors stress the importance of 
understanding the statistical phenom- 
ena associated with all counting experi- 


ments. Basic statistics applied to 
radioactive decay and counting will be 
very beneficial to the reader. 

In conclusion, I feel that although 
this book is not a necessary part of a 
nuclear engineer’s library, it is suffi- 
ciently interesting and informative to 


be a nice “luxury.” 

“Introduction to Nuclear Science” 
is an outgrowth of a short course taught 
at the Argonne National Laboratory to 
bring high-school teachers up to date in 
nuclear science. The first six chapters 
cover nuclear particles, nuclear struc- 
ture, radioactivity, nuclear reactions 
and radiation detection. Since even 
at the introductory level fundamental 
material must be understood and not 
just memorized, one must develop con- 
cepts rather than simply state them. 
In these chapters, however, facts are 
simply repeated and little atterapt is 
made to provide the reader with a 
satisfactory understanding of the un- 
derlying principles that determine a 
given fact. 

Following the first six basic-physics 
chapters, topics are presented at ran- 
dom. Although these topics are im- 
portant and worthwhile for general 
information, unfortunately they are 
confined to the primary interests of 
the Argonne Laboratory. The topics 
selected are accelerators, reactors, ura- 
nium metallurgy, reactor-fuel process- 
ing, radiation effects and radiation 
biology. 

At the end of the book are descrip- 
tions of a variety of experiments that 
pertain to nuclear These 
write-ups are obviously reproduced 
verbatim from handouts given to course 
participants. In fact at one point the 
reader is told that a certain operation 
will be performed for him by the labo- 
ratory staff. The write-ups of the ex- 
periments are disorganized and of little 
including high- 


science. 


use to most readers 
school teachers. 

As might be expected of a national 
laboratory, most of the experiments 
fail to comply with the criterion estab- 
lished in the preface that no expensive 
equipment will be used. For example 
five of the experiments require melting, 
casting and rolling of a uranium-alumi- 
num alloy. Consequently these experi- 
ments are completely useless for the 
high-school teachers because they will 
be unable to perform them in their own 
classrooms. 

In spite of the fact that this book 
has little to offer that is not presented 
better elsewhere, it does have one 
bonus: at the end of the table of con- 
tents the curriculum for the short 
course is summarized. This is invalu- 
able if a reader wants to teach high- 
school teachers nuclear science. 
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Radiation Protection and 
Recovery 
Edited by ALEXANDER HOLLAENDER (Per- 


gamon Press, New York, 1960, $10, v + 392 
pages) 


Reviewed by Donan E, Kanson, Lock- 
heed Georgia Nuclear Laboratory, Dawson- 
ville, Ga. 


The major purpose of this book is to 
review recent radiobiological investiga- 
tions. Although the detail of coverage 
is excellent, the book is definitely too 
complex for the beginner who needs at 
least a working knowledge of organic 
chemistry and biology. The scope of 
the volume includes living-cell damage 
and and recovery from 
a chemical-biological point of view. 
Particular emphasis is given to protec- 
tive compounds as well as the general 
chemical phenomenon of radiobiology. 
In the broad cross section of living 
tissues considered, specific chapters 
cover mammals, bacteria, fungi, seeds 
and Separate treatment of 
chromosome aberrations, genetic pro- 
tection, somatic effects, antibody for- 
mation and photoreactivation furnish 
background material in these supple- 
mentary fields. The chapter on “Acute 
Whole-Body Radiation Injury” is 
among the finest I have ever read in 
terms of organization and general level 


protection 


roots. 


of presentation. 

The immense volume of literature 
that has been reviewed in preparing 
this text is attested by the condensation 
of 1,548 references into 377 pages. In 
fact the ratio of references to text is so 
great that it is often difficult to follow 
the continuity of thought, particularly 
because of the lack of consistency in 
listing references. For example in 
Chapter 7 the author has the annoying 
tendency of injecting between thoughts 
long parenthetical statements giving 
exacting details for each reference. 

In addition, I think that a more uni- 
form treatment throughout the book 
would have been less trying on the 
reader. For example 11 curves and 
graphs are used in the chapter on pro- 
tection and recovery of bacteria and 
fungi whereas none are included in the 
chapter on protection and recovery of 
seeds and roots. In the latter chapter 
information that could have been given 
in curves and graphs is presented in the 
text, calling for a change-of-pace on 
the part ofthe reader. Moreover some 
chapters end with summaries, some 
with conclusions, one with general re- 
marks and most without any closing 
leaving the 


statements whatsoever 


reader hanging in the air 


Vol. 19, No. 12 - December, 1961 


Since this book attempts to take in- 
ventory of the status of this growing 
field, I feel that a glossary would have 
been helpful, not only for defining 
terminology but also as a standardizing 
medium particularly since the subject 
matter is interesting to people in several 
different disciplines. Moreover I think 
that the general value of the text would 
have been increased if it contained a 
special concluding chapter that col- 
lectively mentioned some of the more 
important chapter conclusions such as 
the role of oxygen and pH in accommo- 
dating radiation damage. 

Despite these shortcomings, the 
over-all level of competence is quite 
high and the book will no doubt become 
an authoritative supplement to the 
“International Series of Monographs on 
Pure and Applied Biology” of which it 
is the seventh volume. 


BOOKS RECEIVED 


Basic Principles of Fission Reactors, by 
W. R. Harper (Interscience Publishers 
Inc., New York, 1961, $7.50, viii + 314 
pages). For the graduate student with 
a mathematics and physics background 
but not necessarily a nuclear engineer- 
ing one this book outlines reactor theory 
and the fundamentals of reactor design. 
Starting with two chapters that give a 
general background of important nu- 
clear-engineering concepts, the author 
goes on to discuss power reactors thus 
setting the scene for the detailed and 
quantitative discussions of the later 
chapters. Chapters in the book in- 
clude material on fissile fuels, fuel ele- 
ments, neutron sources, moderators, 
fast, homogeneous-moderated and 
heterogeneous reactors, control of radio- 
activity, radiation protection and oper- 
ating reactors. Although the book is 
comprehensive and outlines a good 
introductory course on reactors, when 
compared to the books by Samuel 
Glasstone, which are also written for 
graduate students, it seems to be al- 
most too simplified to give a really 
thorough understanding of reactors. 


Radioactivity in Man, edited by George 
R. Meneely (Charles C. Thomas, 
Springfield, Ill., 1961, $16.50, xx + 
491 pages). These published papers 
from the symposium held at the Van- 
derbilt University School of Medicine 
in April, 1960, cover all aspects of 
radioactivity in man from the instru- 
ments used to measure or administer it, 
to its hazards, to administration prob- 


lems. The book is an excellent survey 
of the field and should be informative 
to those persons working in the field 
and to those interested in getting a gen- 
eral survey of work with radioactivity. 


ALSO OF NOTE 


Reactor of the World, second series, 
contains thirteen new reactor foldouts 
that appeared in Nuclear Engineering. 
These include Pluto, Merlin, G1 (1956), 
Hinkley Point Power Station, NRU, 
Halden, Latina, Zenith, G2 and G3, 
OMRE, Dragon, BR3 and N.S. Savan- 
nah. Edited by E. N. Shaw. 1961, 
$3.50 card covers, $4.50 cloth bound, 
27 pages. Simmons-Boardman Pub- 
lishing Co., 30 Church St., New York, 
N.Y. 


Public Availability of Reports Ab- 
stracted in Nuclear Science Abstracts, 
printed in two volumes, includes an 
alpha-numeric listing of all reports ab- 
stracted in volumes 1-14 of NSA. 
1961, $5, 640 pages. Office of Technical 
Services, Dept. of Commerce, Washington 
25, D.C. 


Tables of Gamma Rays from the De- 
cay of Radionuclides (AECL-1225) 
includes gamma-emitting radionuclides 
with half-lives >1 sec listed according 
to atomic number and suborder of mass 
number, photon energy, photon energy 
subgrouped according to half-live and 
photon energy subgrouped by possible 
production method. By R. C. Hawk- 
ings, W. J. Edwardsand E. M. McLeod. 
1961, $8, 372 pages. Scientific Docu- 
ment Distribution Office, Atomic Energy 
of Canada Lid., Chalk River, Ontario, 
Canada. 


Atomic and Molecular Collision Cross 
Sections of Interest in Controlled 
Thermonuclear Research (ORNL- 
3113). Cross sections are shown as a 
function of energy for collision proc- 
esses involving molecular-ion dissoci- 
ation, charge exchange, excitation, ion- 
ization, photo-ionization, scattering, 
energy loss and recombination. By 
C. F. Barnett, W. B. Gauster, and J. A. 
Ray. 1961, $2.75, 161 pages. Office 
of Technical Services, Dept. of Com- 
merce, Washington 25, D. C. 


Bibliography on Research on Con- 
trolled Thermonuclear Fusion contains 
about 2,900 references to works pub- 
lished between Jan. 1955 and Dec. 1960. 
IAEA, Kaerntnerring 11, Vienna, 
Austria. 
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IN PRESENT MANIPULATORS operator 
must repeat with master end motion of slave 
end. Thus his positions are often uncom- 
fortable and his reach and view limited 


With new AMF Atomics master- 
slave manipulator an operator can 
reach the floor and corners of a hot cell 
that are inaccessible with other remote- 
handling devices. Moreover he can 
remain in a comfortable erect position 
while the slave end moves to all areas 
in the cell (see figures above). Thus 
the extended-reach manipulator elimi- 
nates operation problems of other in- 
struments: limitation in vertical motion 
of the slave end, problems of cramped 
quarters while working close to the 
window, trouble seeing the slave end 
when working close to the floor. 

How are these difficulties overcome? 


























WITH EXTENDED-REACH MANIPULATOR operator stands upright and extends slave end of 
manipulator with electric switches to double its normal length. Consequently he reaches 
three times volume in hot cell obtainable at left, he can easily reach objects that are dose 
to cell window or floor and he can see clearly entire operation 


The extended-reach manipulator com- 
bines an extra telescope tube in the 
slave end that can be extended or con- 
tracted easily by operating electrical 
switches at the master end. So that 
the operator can quickly see whether 
the manipulator is in the extended or 
normal position, this extra tube is 
colored. Thus if he sees no colored 
tube, he knows the slave end is con- 
tracted. When the slave end is ex- 
tended to its full length—twice normal 
length—it covers a volume three times 
that reached by present manipulators; 
thus it can reach the floor for a circular 
area with a radius up to 54¢ ft. In 


addition it can reach close to the win- 
dow—an area in which operation is 
usually extremely cramped with normal 
manipulators. Although the reach of 
the instrument is extended, the tape in 
the manipulator is no longer than in 
standard models. Consequently there 
is no reduction in system “‘feel.”’ 

Extended-reach manipulators come 
in both standard-duty and heavy-duty 
models. Moreover since about 60% 
of the parts are interchangeable with 
present AMF Atomics models, spare 
part inventory requirements are small. 
—AMF Atomics, 261 Madison Ave., 
New York, N. Y. 





Aerial and ground radiation monitor. 
SBL-2, a portable scintillation detector 
and recorder (above), is designed for 
radiation monitoring from low-flying 
aircraft or at a distance of 3 ft above 
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the ground. Monitor is calibrated for 
range of 0.2-2,000 mr/hr.—Edgerton, 
Germeshausen & Grier, Inc., Santa 
Barbara Laboratory, P. O. Box 98, 
Goleta, Calif. 


Series of proportional counters, PNI 
1077, for low power levels in reactor 
flux-measuring channels are made of 
pure aluminum with 94% enriched 
boron lining. Counter, which has 
ceramic-to-metal seals and ceramic 
insulators, operates at low voltages; 
gas multiplication of 50 occurs at ~750 
volts.—Plessey International Ltd., 
Ilford, Essex, England. 


Oxygen analyzer. By recording vari- 
ations in paramagnetism of a sample 
gas mixture at a constant temperature, 
explosion-proof Model 632C measures 
continually oxygen content in gas with 
an accuracy of +2% under normal 
operation. Measurement is read off 
a built-in indicator—Hays Corp., 
742 E. 8th St., Michigan City, Ind. 


Two electrostatic generators— Model 
AK600-4 and AKS600-4—rated at 
600 kv and 4 ma—provide essentially 
pure d-c output, low output capaci- 
tance, minimal short circuit and over- 
load currents and remote adjustment. 
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Model AKS 600-4 has ripple of 0.01%, 
output capacitance of 1,500 mmf; 
Model Ak600-4 holds ripple to +1% 
peak and has output capacitance of 
500 mmf—SAMES, 30 Broad St., 
New York 4, N. Y. 


Automatic gamma analyzer, Model 
GSS-1B, needs no adjustment to scan, 
record and analyze emitters with ener- 
gies from 0.003 kev to 3 Mev. System 
can analyze gamma spectra from 0.1 
kev to 6 Mev. Readout’ is in three 
forms: count for preset time period, 
continuous counting rate and graphic 
recording 
shield, 
spectrometer, slave scaler and graphic 
recorder.—Nuclear Measurements 
Corp., 2460 N. Arlington Ave., Indian- 
Ind. 


System contains universal 


linear-count ratemeter and 


ipolis 18 


Continuous ion-exchange contactor 
for studies of plutonium purifica- 
union exchange has been de- 

to French Commissariat 4 

Tall assembly in middle 
contactor loop, assembly on 

Lapp Pulsafeeder pumps 

ind cabinet on right contains sequence 
Except 


iductivity controllers. 


size and glass construction, 
pe contactor is similar to 

» recover uranium at Oak 
and in Japan and plutonium 
inford.—Chemical Separations 


101 Midway Lane, Oak Ridge, 


Analog-to-digital converter (Model 
AD-50A) provides up to five million 
Ma- 
chines’s 25-nanosec aperture time al- 
digitizing of than 
In typewriter-size con- 


indepe ndent S8-bit words/sec. 


lows pulses less 
16 -pst wide 
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verter digital output is paralle! straight 
binary with timing pulse up to eight 
bits unipolar or up to seven bits plus 
sign bipolar—Raytheon Co., 1415 
Boston-Providence Turnpike, Nor- 


wood, Mass. 


Low-background counting system, the 
LowBetamatic (above), is a compact 
three-dimensional sample ‘magazine 
that counts 84 samples in sizes up to 
3 in. in diameter.—Sharp Laboratories, 
Inc., Box 1302, La Jolla, Calif. 


Sampling oscilloscope makes high- 
resolution measurements of nanosecond 
pulses. Model 185B gives direct read- 
ing and bright-trace observation. 
When equipped with Model 187B duel- 
trace amplifier, oscilloscope has pass 





band from d-c to 1,000 Mc, can be| 
synchronized to 1,000 Me and has | 
full screen presentation of signals from 
0.3 nanosec to 100 ywsec. sowiett-/ 
Packard Co., 1501 Page Mill Rd., 
Palo Alto, Calif. | 
Emergency-power source operates 
from reserve battery sources of 120, 130 
or 140 volts d-c to supply up to 750 
volt-amp of 115 volts a-c 60 cycle 
power. Source picks up full load from 
standstill within 50 Cornell- 
Dubilier Electronics Div., 118 E. Jones 
St., Fuquay Springs, N. C. 


msec. 





34-in. photomultiplier (Type WX 4582) 
is ideally suited for oil-well logging be- 
cause of its size and rugged construc- 
tion. Photocathode has an S11 spec- 
tral peaking at 4,400 A. 
With 105 volts applied in each stage 
average anode sensitivity is 9 amp/ 
lumen and cathode sensitivity is 50 wa 
Dark current is <0.01 wa. 

Div., 


response, 


lumen. 
Westinghouse Electronic Tube 
Elmira, N. Y. 

Equipment cabinets—the Mark JV, 
ment and controls not 
needed in production 
includes remote-equipment 
and pedestal, wall-mounted and floor- 


area. Series 


cabinets 


| 


| 
| 
| 
| 
| 
| 
| 
| 
| 
} 
} 
| 


neutron 
sources 


jor 


w extraneous radiatior 
p ven source cesigr 
ele] ¥ioli mm -taler-l*h Teir-.alela) 
¢ 


special hi-integrity welds 


MOBILITY & FLEXIBILITY 


ow gamma radiat 
ess shield, weight, space 


wider range a Teleliier bale 


LOWER COSTS 


Total costs for either purchase 
or rental use of NUMEC Pu:Be 
neutron sources less than rental 
price of comparable Ra:Be 
sources 

Ease of calibration due to con 
stant neutron emission — savings 
in time and money 


ALPHA, BETA, GAMMA 
and other NEUTRON 


sources also 


NUMEC 


available 
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mounted operator’s control stations. 
Cabinets contain separate swing-out 
panels so components can be easily 
reached.—Industrial Nucleonics Corp., 
650 Ackerman Rd., Columbus 2, O. 


Co" in standard capsules (Type 360) 
or in special capsules to suit customer’s 
specifications has normal focal spot of 
1 em for activities <4,000 curies.— 
U. 8. Nuclear Corp., P. O. Box 208, 
Burbank, Calif. 


Neutron detectors. New proportional 
counters filled with boron trifluoride 
(96% B'* enrichment) have ceramic- 
to-metal seals and heliare welding.— 
Amperex Electronic Corp., 230 Duffy 
Ave., Hicksville, N. Y. 


Radiation} dosimeter reader. Flur- 
ometer Models 110 and 111 can be 
converted quickly into dosimeter read- 
ers by using holders containing Bausch 
& Lomb silver-activated glass dosime- 
ters that fit easily onto Flurometer 
doors. Range of reader using glass- 
rod dosimeter is 10—-10° roentgens for 
Co; using glass plates it is 2-3 < 10 
roentgens; measurement takes <1 
min.—G. K. Turner Associates, 2524 
Pulgas Ave., Palo Alto, Calif. 


Pocket survey meter (above), no bigger 
than a pack of cigarettes, weighs 
<814 oz. Operating on penlight bat- 
teries or mercury cells, meter is accu- 
rate at temperatures from —20 to 
+140°F. Three models are available: 
civil defense model (0.1-2 r/hr and 
1-100 r/hr), standard mode! (0.1-50 
r/hr and 0.01-1 r/hr), high-range 
model (1-500 r/hr and 0.2-50 r/hr). 
—Gelman Instrument Co., Chelsea, 
Mich. 


8&6 


Induction billet furnace processes work 
in vacuum with 10-micron operating 
pressures. Type N3000 Model 414 
consists of bell jar and work coil to- 
gether with backing pump and high- 
vacuum rotary blower. Chief advan- 
tage is that system rapidly brings billet 
to forging temperatures with a mini- 
mum of oxide formation.—High Vac- 
uum Equipment Corp., 2 Churchill 
Rd., Hingham, Mass. 


Fuel transfer system (above) for Path- 
finder plant will convey enriched ura- 
nium assemblies from vault in fuel 
storage facility to the reactor building 
and spent fuel to storage area. The 
50-ft long system, constructed mainly 
of stainless steel, operates under 18 ft 
of water. It consists of a metal car- 
riage on wheels that moves on tracks 
inside two 20-in. diameter tubes 
aligned on either side of a connecting 
isolation valve. The loaded carriage 
travels at five speeds; the fastest is 
20 ft/min.—General Mills, 9200 Way- 
zata Blvd., Minneapolis 26, Minn. 


1-Mc decade scaler, a count-to-ten 
device, 8-4-2-1 binary code to 
count random serial pulses at any rate 
up to 1 Me. These units can be cas- 
caded with front panel connectors. 
Total count is displayed visually on 
front panels in neon-lighted decimal 
digits.— Harvey-Wells Electronics, 
Inc., 14 Huron Dr., Natick, Mass. 


uses 


Solid-state, medium-sized computer, 
the Digital Data Processor (DDP), has 
a 19-25-bit range. Nineteen-bit ma- 
chine uses 5-ysec, 4,000- or 8,000-word 
core memory; memory access time is 
2.5ysec. Paper tape feeds in 500-1,000 
characters/sec.—Computer Control 
Co., Inc., 2251 Barry Ave., Los Angeles 
64, Calif. 


Radiation tests at Brookhaven Na- 
tional Laboratory recently showed that 
Sylvania gold brand subminiature and 
guided missile receiving tubes will with- 
stand neutron fluxes of 10'* n/cm?/sec. 
—Sylvania Electric Products Inc., 730 
Third Ave., New York 17, N. Y. 


Improvement in Packard counters. 
Two separate channels of pulse-height 
analysis are now provided in liquid 
scintillation counters with individually 
variable electronic amplifications and 
four adjustable discriminator levels. 
Moreover changes in electronics allow 
spectrometer to be used for gamma 
counting.—Packard Instrument Co., 
P. O. Box 428, La Grange, III. 


GE enters diode field with SD-150, 
a miniature silicon planar, epitaxial, 
passivated diode to be used in com- 
puter circuits. Diode has conductance 
of 100 ma at 1 volt and recovery time 
of <2 nanosec.—General Electric, 
Kelley Building, Liverpool, N. Y. 


Decontamination fountain (above) can 
be used for washing eyes, nose or 
mouth in case of contamination. 
When one swings down spray bars 
water flows across an area 5 in. xd 
in. with very little pressure. 
Emergency Showers, Inc., P. O. Box 
111, Glendale, Calif. 


Logan 


Radioactive-sample-preparation kit. 
Using a chimney funnel students can 
make radioactive samples or planchets 
with kit. Solution is suctioned filtered 
through funnel and a uniform layer 
of sample is deposited and dried on a 
steel disk.—Nuclear-Chicago Corp., 
359 E. Howard Ave., Des Plaines, III. 


Low-cost scintillator kit, E-160 Scinti- 
Kit, contains interchangeable phos- 
phors for measuring alpha, beta or 
gamma radiation. Kit probe 
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QO. How Much 
Does It Cost 
To Stay On Top 
Of Your Job? 


A. $75 Per Year! 


To quote some of our readers: 


“NUCLEONICS WEEK is the most 
important single document that 
comes across my desk.” 

—Reactor manufacturer 


“Our issue of NUCLEONICS WEEK is 
routed to 25 members of the staff.” 


—Leading nuclear-space 
company executive 


“NUCLEONICS WEEK is hand-car- 
ried to the people on the routing 
list and each is given a certain 
period of time to read it.” 

—AEC official 


“Your story in NUCLEONICS WEEK 
was our first indication that the 
State of Nevada was considering 
nuclear power plants.” 

—Major reactor executive 


Subscription price to NUCLEONICS 
WEEK is $75.00/year in the U.S. 
($90.00/year abroad) — or about 
the annual price of two daily 
newspapers. 


NUCLEONICS WEEK is now avail- 
able in bulk subscription at an al- 
most nominal rate — $25.00 in the 
U.S., $60.00 overseas and $90.00 
in Asia and Australia. The bulk 
rate applies to all copies after the 
first and all must go to a single 
addressee. If you are now losing 
the effectiveness of this publica- 
tion by asking members of your 
organization to wait for it, order 
extra copies. 


See Subscription Card on Pg. 68 


NUCLEONICS 
WEE 330 WEST 42nd ST., 


NEW YORK 36, N.Y 
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housing, photomultiplier tube and five 
scintillators: NaI(Tl), NaI(TL), plas- 
tic phosphor, zinc-sulfide crystal and 
anthracene crystal. Cost is $475.— 
Radiation Equipment & Accessories 
Corp., Lynbrook, N. Y. 


Scram valves for KIWI-B. 


handling liquid hydrogen have 10-sec 
actuation times. 


operate at low pressures and tempera- 
tures (—423-+130°F). Drivers oper- 
ate at 10,000 psi (0.5-sec activation) 


or 20,000 psi hydraulic —Hydromaties, | 


Inc., 8. Lawrence St., Bloomfield, N. J. 


Recorder (above), available in both 
5-in. and 11-in. strip-chart sizes, can 
operate as standard fixed-span recorder 
or with one or more external plug-in 
modules.—Westronics, Inc., 3605 Mc- 
Cart, Fort Worth, Tex. 


Memory storage unit, the Microstore 


high-speed component for analog com- | 


puters stores two values at a time. 
As many as 10 of these units—each 
half the size of a cigarette carton— 
can be plugged into an EAI PACE 
231R analog computer without dis- 
turbing summing amplifiers—Elec- 


| tronic Associates, Inc., Long Branch, 
(Continued) ' 





Four 8-in. | 
motor-operated ball valves (above) for | 


Stainless-steel valves | 
have welded vacuum-tight jackets and | 


STALKER 


These high quality, intricate sheet metal 
assemblies for fast neutron breeder reactor 
pplication are produced through use of 
Stalker's proven ORTHOBRAZE methods of 
stress-free forming and high temperature 
brazing. 





Skilled personnel and exclusive fabrication 
methods assure high quality assemblies 
which meet strictest requirements. 


Engineering, development and production 
facilities are available for customer use. 
Stalker facilities are U.S.A.F. approved. 


Phone: Bay City 
Twinbrook 3-7562 


THE BY 04 5,.42-3 CORPORATION 


905 Woodside Ave. 
Essexville, Michigan 
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NEW 2" 


PHOTOMULTIPLIER 


CBS Laboratories’ 14-stage 
CL-1090 is the only photomul- 
tiplier tube combining 
LOW DARK CURRENT WITH 
FAST TRANSIT TIME 





Max. Anode 


At A Gain 
Of Dark Current 





10,000,000 
30,000,000 


0.03 microamperes 
0.1 microamperes 














The CL-1090 is uniquely de- 
signed for high-speed, low- 
noise coincidence counting. 


A catalog of detailed specifica- 


_ tions of the CL-1090 and other 


tubes in the CBS line of photo- 
multipliers is available on 
request. 


Engineers and Physicists: If you 
are experienced in electron 
optics or electronics R&D, we in- 
vite you to investigate our em- 
ployment opportunities. An 
Equal-Opportunity Employer. 


HIGH RIDGE ROAD, STAMFORD, CONNECTICUT 
A DIVISION OF COLUMBIA BROADCASTING SYSTEM. INC. 


& 
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Semiconductor detectors. 
Series consisting of semiconductor de- 
tectors for either fast or slow neutrons 
with B®, Lit, U**5 or a 
hydrogenous radiator. NPS Series 
measures electrons, protons, alpha par- 


are coated 


ticles, heavy ions and fission fragments. 
—Solid State Radiations, Inc., 9925 
W. Jefferson Blvd., Culver City, Calif. 


meet AEC 
protection 


Plastic shoe covers (above) 
for 


Shoes, 


against 
have 


specifications 

contamination. which 
nonslip soles, are waterproof, lint-free, 
dustproof and washable.—Defense Ap- 


parel, 115 Allyn St., Hartford, Conn. 


New fast Poloroid film, PolaScope 
Type 410 Land film, has speed rating 
of 10,000 (ASA) and increased con- 
trast. Film resolution is ~14—22 
lines/mm. This Panchromatic Type 
B film must develop only 2 
camera followed by 8 sec in daylight; 
entire roll of film can be exposed and 


sec in 


processed in <20 sec.—Polaroid Corp., 
Cambridge 39, Mass. 


| Model L-2145 has only one moving part 
| —the pump plunger—activated by a 
field. Bore of 
plunger are covered with stainless steel 
for Pump de- 
livers 4 gallons/min at 30 psi.—G. W. 
Lisk Co., Inc., Clifton Springs, N. Y. 


| magnetic pump and 


corrosion resistance. 





| prosium, holmium, erbium and yttrium 
| are available in 100-gm quantities at 
| $3.50 per gram. 
lable in 1:1 and 2:3 compositions.— 
| Kleber Laboratories, Inc., P. O. 


Box 
68, Burbank, Calif. 


Magnetic pump for radioactive fluids. | 


Selenides are avail- | 





i 


NPSN | 


| 


| 





SCINTILLATORS—Big or 
small, we make them all 


Part of a 26” x 26” NE 102 well-type plas- 
tic scintillator 


NE 102 Plastic Scintillator is available in 
any size or shape. Slab units for accel- 
erator and cosmic ray studies. Thin 
sheets for beta particle counting, phosphor 
well counters. Continuous capillary flow 
counters for alcoholic solutions. 

NE 421 Slow Neutron Detectors of dis- 
persed Lithium Fluoride with 96% en- 
riched Li*. 

Liquid Scintillators, including NE 213 and 
NE 220 for internal counting, especially of 
aqueous samples of tritium. NE 219 for 
filter paper counting. 


NE 160 High Temperature Plastic Phos- 


| phor for measurement at temperatures over 





| 
| 
| 


Rare-earth selenide powders, lantha- | 
|num, neodymium, gadolinium, dys- | 


100°C. 
High Flash Point Scintillators for safe, 


economical, giant liquid scintillator instal- 
lations. 


NUCLEONIC INSTRUMENTS 


Pulse Shape Discriminating detection head 
units and related electronics. Gamma re- 
jection ratio of 500:1. Higher detection 
efficiencies than ZnS detectors for fast neu- 
trons in the presence of gamma rays. 


Universal Radiation Monitor. A scintilla- 
tion detector, transistorized, 24% lbs in 
weight, versatile, suitable for Industrial 
Health Physics, or Civil Defence applica- 
tions. 


Radioisotope Analyzer. Designed to en- 
able the user to quickly check the identity 
of a radioisotope and also to measure its 
activity. Used with those isotopes which 
emit gamma rays. 


“Tinytector.” Pocket edition dose meter 
covering dose range 0.5 to 200 R/hr., 
giving instantaneous readings of the radia- 
tion intensity. Dimensions: 454” x 25%” 
x 156 Low price unit ideal for Civil De- 
fence use and for civilian fall-out shel- 
ters. Other ranges available. 


NUCLEAR 
ENTERPRISES LTD. 


WINNIPEG 2 


Associate Co 





(G. B.) Ltd 
Sighthill, Edinburgh 11. Scot! 
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Chécklist ‘oF 
helpful... 


McGRAW-HILL’” 


Proceedings of the Sixth Symposium on 
MAGNETISM AND 
MAGNETIC MATERIALS 


Just Ovt, 
Presents the latest survey of current research 
in magnetism and magnetic materials 
Covers the work of 260 specialists. 
Sponsored by the Am. Inst. of Elec. Engrs. 
. Inst. of Physics. 399 pp., 309 illus., 
00 


ISOPROPYL ALCOHOL 


Just Out, 

Covers the history, production, 
and uses of isopropyl alcohol. 

By Lewis F. Hatch, Technical C 5 
Enjay Laboratories. 184 pp., 37 illus. and 
tables, $7.00 


THE ATOMIC NUCLEUS 


Presents a thorough reference and source 
book, basic to the sub-fields of nuclear 
physics. Details basic experimental and theo- 
retical principles 

By Robley D. Evans, M.!.T. 972 pp., 330 
ilius., $15.50 


NUCLEAR ENGINEERING 
HANDBOOK 


Covers nuclear engineering at a practical, 
industrial level in comprehensive handbook 
form 

Editor-in-Chief, Harold Etherington, 
Nuclear Products—Erco, Div. of ACF. 
p., 706 illus., $25.00 


RECENT ADVANCES IN 


HEAT AND MASS TRANSFER 
Just Out. 

Here are the outstanding articles on Heat 
and Mass Transfer from the past decade. 

By J. P. Hartnett and E. R. Eckert, U. of 
Minn., H. Mickley, M.1.7., and R. L. Pig- 
ford, U. of Del. 416 pp., 148 illus., $9.75 


TECHNICAL REPORT 
WRITING 
Just Out. 


Helps you prepare well-written technical re- 
ports that mirror the excellence of your 
engineering and scientific investigative work. 
By Fred H. Rhodes, Cornell Univ. 2nd ed., 
168 pp., $5.50 


Properties, 


leant 





V.P., 
1870 


Academician V. |. Smirnov's 
LINEAR ALGEBRA AND 
GROUP THEORY 
Just Out. 


Offers selections from Prof. Viadimir I. 
Smirnov’s encyclopedic 6-volume ‘‘Course of 
Higher Mathematics.” 

Rev., adpt., and ed. by R. A. Silverman. 
400 pp., $12.50 


;- -10 DAYS’ FREE EXAMINATION- — 
McGraw-Hill Book Co., Dept. FNU-12 
327 W. 41st St., New York 36, N. Y. 
Send me book(s) checked below for 10 days’ ex- 
amination on approval. In 10 days I will remit 
for book(s) I keep plus few cents for delivery 
costs, and return unwanted book(s) postpaid. 
(We pay delivery costs if you remit with this 
coupon—same return privilege.) 
Magnetism & Magnetic Materials (6th Sym- 
posium )—$10.00 
Hatch—Isopropyl Alcohol—$7.00 
} Evans—The Atomic Nucleus—$14.50 
Etherington-——Nuclear Engineering Handbook 
$25.00 
Hartnett et al.—Recent Advances In Heat 
And Mass Transfer—$9.75 
Rhodes—Technical Report Writing—$5.50 
Silverman—Smirnov'’s Linear Algebra & 
: Group Theory—$12.50 
Name 
Address 
City 
Company 
Position . 
For price and terms outside U.S. 
write McGraw-Hill Intl., N.Y¥.C. 36 
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| Electronic Timer. 2 


| 2 pp.; Solid State Radiations, 


Micromicro-ammeter, the Mode! R660, 
is temperature compensated with an 
electrometer tube input arranged to 
produce almost 100% feedback. In- 
strument has 20 ranges from 3 X 107% 
to 107 amp full Drift 
<+2% of full scale per week after 
initial warmup of <10 min.—Radia- 
tion Technology Inc.,' Atlanta, Ga. 


scale. is 


Tiny linear amplifier (above right) for 
amplifying small pulses from nuclear 
detectors has a maximum gain 
1,000 times. Model 701 comes with 
preamplifier that is the size of a pack 
of cigarettes (above left).—-Lockheed- 
Nuclear Products, 3272 Peachtree Rd., 
N.E., Atlanta 5, Ga. 


of 


Solid-State Annunciators. 
Radiation Technology Inc., 657 
, N. W., Atlanta 18, Ga. 


S pp.; 
Antone 


Buyer’s Guide for Scalers. 
Tracerlab, 1601 Trapelo Rd., W 
54, Mass. 


4 pp.; 
‘altham 


Current Source (Portable). 2 pp.; 
Gyra Electronics Corp., Washington 
& Elm St., Box 184, La Grange, II. 


pp.; Nuclear- 
. Howard Avenue, 


Chicago Corp., 333 E 
Des Plaines, Il. 


Linear Micro-Micro Ammeter. 1 p.; 
Tritium Monitor with Alarm. 1 p.; 
Radiation Technology, Inc., 657 Antone 


| St. N. W., Atlanta 18, Geo. 


Guard-Ring Semiconductor Detector 
for Nuclear-Particle Radiations. 
Inc., 
Angeles 64, 


(Continued) 


2261 S. Carmelina, Los 
Calif. 








| 


100% INSPECTION 
AT REDUCED COST 


WITH NUMEC’S 


DENSITRON 


The DENSITRON is an 
iatically checks the 


inspection de 


vice which auton 
dimensions and density of symmetri 
balis 


cal specimens of pellets, pills 


or parts 


The 
desig 


Model 1000 was specifically 
for the high 


requirements of nuclear fuel 


ed tolerance in 


spection 


pellets. Units now in use have dem 


onstrated their ability to consistently 


accept or reject pellets at a rate of up 


to 1375 per hour and an accuracy 


within 0.25 per cent on density and 
0.1 per cent length and diameter 


The DENSITRON provides: 
| Pe Ee veliemisryeia diel 
. 


Accurate results based on uniform 


inspection methods 


100 


of o 


rather than use 


r Yon ateli 
inspectio 


t-of-tolerance specimens 


For 


NUMEC 





PHENOLINE COATINGS 
PROTECT VALLECITOS’ 


FUEL PITS 


@ No Deterioration After 
Four Years of Service 


It’s been four years since the Phenoline 
AE-600 protective coating system 
was applied to the fuel storage areas 
at General Electric’s Vallecitos Atomic 
Laboratory. There has been no evi- 
dence of degradation after this lengthy 
exposure to submerged irradiated fuels, 
no repainting needed. Only repair was 
a structural crack in the concrete, 
which was filled with Carboline’s 
Caulking Compound #225. 
Interior surfaces of the concrete pits 
and their steel access door had been 
coated as follows: Phenoline 300 Orange 
Primer with mica, two coats Phenoline 
302 with high water barrier character- 
istics, Phenoline 300 Finish White 
light-reflective topcoat. 
This catalyzed modified phenolic 
34-mil system has several remarkable 
features: 
. Tight barrier resistance to de- 
mineralized water. 
. Resistance to gamma radiation, 
even under accumulations up to 
1 x 10° roentgens. 
. Smooth surface, easy to wash 
down with detergent or acetone. 
. High bonding strength to con- 
crete and steel. 
. 100% solids—heavy film buildup 
at modest cost. 
® Write for detailed information on the 
Phenoline AE -600 system, formulated 
specifically for nuclear applications. 


32-P Hanley Industrial Ct. 
St. Lovis 17, Mo. 
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Super-Hermetic, Vacuum-Sealed Con- 
nectors. 2 pp.; Physical Sciences 
Corp., 389 N. Fair Oaks Ave., Pasa- 
dena, Calif. 


Seal-Less Pumps. 4 pp.; Chempump 
Division, Fostoria Corp., Huntingdon 
Valley, Pa. 





Air-Operated Diaphragm Valves. | 
6 pp.; Hills-McCanna Co., 400 Maple 
Ave., Carpentersville, Ill. 


Machines for Precision Boring. 12 | 
pp.; Ex-Cell-O Corp., Detroit 32, Mich. | 


Catalog of Laboratory Instruments. | 
1008 pp.; (Requests should be made on 
company or official letterhead, and the | 
individual making the request should | 
give the research, manufacturing or | 
|educational activity at his location). 
Central Scientific Co., Cenco Instru- 
|ments Corp., 1700 W. Irving Park Rd., 
| Chicago 13, Til. 








|Nuclear Division Progress .. . 60. 
| 28 pp.; Nuclear Div., The Martin Co., 
| Baltimore 3, Md. 


Scientific and Test Instruments. 50 
pp.; Minneapolis-Honeywell, Industrial 
Products Group, Wayne and Windrim 
Ave., Philadelphia 3, Pa. 


|Nuclear Electronic Products. 
General Electric Co., 1 River Rd., 
Schenectady, N. Y. 





|Keithley 1961-62 Catalog. 30 pp.; | 
Keithley Instruments, Inc., 12415 
Euclid Ave., Cleveland, 0. | 
Genera! Catalog. 96 pp.; Nuclear- 
Chicago Corp., 333 E. Howard Ave., 
Des Plaines, Iil. 
Protective Equipment and Apparel. | 
20 pp.; Snyder Manufacturing Co., | 
Inc., New Philadelphia, O. 


Medical X-Ray Gloves. 4 pp.; 
Charleston Rubber Co., Stark Indus- | 
trial Pk., Charleston, 8. C. 


Remote-Handling and Articulated | 
Tongs. 4 pp.; Ameray Corp., 1001 | 


Route 46, Kenvil, N. J. 


Manipulator and Remotely Operated 
Dollies and Mounts. 12 pp.; Koelsch 
Corp., Boise, Ida. 





8 pp.; | 


Gadolinium, Cadolinium chlori 
Galactoni i one, Gala 
loride taacetat 
ethanol allic aci 
Gallium lium nit 


Gallocyanin, Gallophenine, Gz 
e, Gel 
e, Ge 


hydrol 
acid, 


i 
ethano ‘00 isic a 
acetate, (; nyl bromide, Ger 
Ge r © 
te ra 
te n e p 
Gi > yg 


Gitoxigenin, Gitoxin, Gliadin 
Glucoascorbi dad, Glucochlo 
acid d, Gluc acid, Glucon 
Glucosaminic » Glucose al 
Glucose-o-carboxyanilide, Glu 


Glucos al, GL 
mercap thylme 
ethylx oxamin 
pentaa e; odium 


Glucose thioureide, Glucose u 
Glucosides, Glucos 

trimet hylammoni 

curonidase, Gluc 

tamic acid, Glut 

dioxime, Glutara 

anhydride, Glutg 


DELTA CHEMICAL WORKS, Inc. 


New York 23.WN. Y 





= Se 


FUSED GLASS AND METAL 
MISSILE PARTS CLEANED 
QUICKLY AND WITHOUT 
DAMAGE TO GLASS GLAZE 


with VAPOR BLAST 


liquid Honing 


Vapor Blast Liquid Honing 

process cleans metals fused 

to glass without removing 

glaze or damaging the glass. 
Yet the metal parts are 

thoroughly cleaned, burrs re- 

moved, in shortest possible time. 


Bring or send parts for test 
cleaning. No obligation. 


*Liquid Honing and Vapor 
Blast are trademarks. 


| VAPOR BLAST 


MFG. CO. 
3039 W. Atkinson Ave. 
Milwaukee 16, Wis. 
Cepyright © 1961—Vaper Blast Mfg. Co. 
All rights reserved. 
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Hand and Clothing Monitor Type 1. 
4 pp.; Fairbanks, Morse & Co., Elec- 
tronics Div., 100 Electra Lane, Yonkers, 
|. ag 


Film Badge Services. 8 pp.; R. S. 
Landauer, Jr. & Co., 3920 216th St., 
Matteson, IIl. 


Pressure-Sensitive Radiation-Hazard 
Signs. 2 pp.; W. H. Brady Co., 727 
Glendale Ave., Milwaukee 9, Wis. 


Instruments for Proportional, Scintilla- 
tion and Neutron Counting. 2 pp.; 
Nuclear Measurements Corp., 2460 N. 
Arlington Ave., Indianapolis 18, Ind. 
Neutron Sandwich Spectrometer. 2 
pp.; Oak Ridge Technical Enterprises 
Corp.; P. O. Box 524, Oak Ridge, Tenn. 


Norelco X-Ray Analytical Instruments. 
28 pp.; Philips Electronic Instruments, 
Mount Vernon, N. Y. 


Integrated Monitoring Systems by 
NMC. 4 pp.; Nuclear Measurements 
Corp., 2462 N. Arlington Ave., Indi- 
anapolis 18, Ind. 


Simultaneous Gas Chromatography 
and Radioactivity Measuring System. 
2 pp.; Radiation Equipment and Ac- 
cessories Corp., 665 Merrick Rd., 


Lynbrook, N. Y. 


Tritium Monitor. 2 pp.; Radiochroma- 
togram Scanner. 2 pp.; Family Radi- 
ation Measurement Kit, 2pp.; Atomic 
Accessories Inc., 811 W. Merrick Rd., 
Valley Stream, N. Y. 


Picker 
pp.; Picker 
Plains, N. Y.* 


Radioactive Compounds. 6 
X-Ray Corp., White 


Certified Tagged Chemicals. 10 pp.; 
ChemTrac Corp., 130 Alewife Brook 
Parkway, Cambridge 40, Mass. 


Density/Moisture-Gauge System. 6 
pp.; Nuclear Chicago Corp., 333 E. 
Howard Ave., Des Plaines, Ill. 


Sonic Delay LineSeries. 4pp.; Plug-in 
Digital Modules for d-c to 1 Mc 
Operation. 12 pp.; Plug-in Digital 
Modules, 1 Mc Synchronous Logic. 
12 pp.; Computer Control Company, 
Inc., 983 Concord St., Framingham, 
Mass. 


Light Metals Data—Mg, Al, Ti. 40 
pp.; Brooks & Perkins Inc., 1950 W. 
Fort St., Detroit 16, Mich. 
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Nanosecond Instruments and Acces- 
sories. 6 pp.; Lumatron Electronics, 
Inc., 116 County Courthouse Rd., New 
Hyde Park, N. Y. 


By-Products of Fusion Research. 8 
pp.; Plasmanetics Corp., Box 398, 
Berkeley 5, Calif. 


Kennertium W-10 Heavy Tungsten 
Alloy. 8 pp.; Kennametal Inc., La- 
trobe, Pa. 


Atomic Instruments and Systems (Cata- 
log A-5). 50 pp.; Baird-Atomic, Inc., 
33 University Rd., Cambridge 38, 
Mass. 


Vehicular Mechanical Arm System. 
4 pp.; General Mills, Inc., 419 N. Fifth 
St., Minneapolis 1, Minn. 


Three-Dimensional Closed-Circuit 
Television. 8 pp.;Stereotronics Corp., 
1717 N. Highland St., Los Angeles 28, 
Calif. 


Automatic Closed-Circuit Television. 
8 pp.; Kintel, Div. of Cohu Electronics, 
5725 Kearny Villa Rd., San Diego 11, 
Calif. 


Bendix G-20 High-Speed Computing 
System. 6 pp.; Bendix Computer Div., 
Los Angeles 45, Calif. 








TRANSISTORIZED SINGLE- 
CHANNEL SPECTROMETER 


collimator 
Linear amplifier 


SOCIETE DAPPLICATIONS INDUSTRIELLES DE LA PHYSIQUE 


MODEL SPM 3 


Scintillation probe with INa scintillator of 25 x 25 mm and lead 


Single-channel analyzer and discriminator 
Three decades scaler followed by an electromechanical register 
Ratemeter with outputs for automatic recording 


General stabilized power supply 
Sweep can be provided for the analyzer 


TRANSISTORIZED SCALER 
MODEL ECG 3T 


e Scaler for Geiger-Miller or scintillation counting 
e High-voltage adjustable from 200 to 2,000 Volts 
Stability 5/ 10,000 or 10% line variation 
e Storage: 107 counts 3 decades plus a mechanical register 
® Resolution of the scaler: 2 psec 
@ Two operating ways: preset count from 10 to 107 counts 
preset time: 1 second to 2 hours 


S.A.1.P, /38, rue Gabriel Crié-MALAKOFF (Seine) FRANCE 


Tel: ALEsia 87-20 +- 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
Time base for preselection of time : 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Telegram, SAIPHY-MALAKOFF 


Ii i ens cee cans sn ce st clin edinetlie heabebaibdliaoael 
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GRAY BIMETALLIC PIPE PRO- 
VIDES CORROSION RESIST- 
ANCE AT FRACTION OF THE 
COST OF SOLID ALLOY 
SYSTEMS 


Gray Bimetallic pipe provides all the 
fabrication and strength advantages 
of carbon steel with the corrosion 
resistance of the best alloy materials, 
and at a fraction of the cost of a solid 
alloy system. 

In the Gray process, a seamless 
lining is hydraulically expanded into 
the base pipe, forming a tight bond 
due to differential contraction of the 
materials. For all practical purposes 
the bond is permanent. Bimetallic 
pipe can then be fabricated almost as 


easily as carbon steel. It can be butt 


welded, flanged and bent without 
damage to the lining or the bond. 

The choice of materials for Bime- 
tallic pipe is virtually unlimited. Base 
material is usually standard carbon 
steel in regular sizes and schedules, 
but this can be varied to meet any 
particular need. Linings are most fre- 
quently furnished in Monel, nickel 
and stainless steel, but the selection 
is in no way limited. All the alloys of 
nickel and copper as well as the re- 
active metals can be economically 
produced. 

This wide range of materials avail- 
able make Bimetallic pipe ideal for 
all applications where corrosion is a 
factor. It is well suited where product 
contamination or catalyst poisoning 
are problems. 

Gray Bimetallic pipe provides the 
corrosion resistance of special alloys 
at only a small cost more than that 
of regular carbon steel piping. For 
complete details, mail the coupon 
below today! 


EDD Gel Conmpary 


P. 0. Box 2291 © Houston 1, Texas 


Gray Tool Company 
P. O. Box 2291 
Houston 1, Texas 


Gentlemen: 

Please send me more information about Gray 
Bimetallic pipe. 
NAME____ Se a 
a 

a 


CITY 





6114 
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| Corp., 


Products and Materials 
Department starts on page 84 


Properties of Beryllium. 20 pp.; 
General Astrometals Corp., 320 Yon- 
kers Ave., Yonkers, N. Y. 


Tubular Products. 
& Co., Malvern, Pa. 


16 pp.; J. Bishop 


Sylcor Custom Metallurgy Plus Space- 
Precision Fabrication. 4 pp.; Sylcor, 
Hicksville, N. Y. 


Special Metal Fabrication. 12 pp.; 
Cook Electric Co., 3412 River Road, 


Franklin Park, Il. 


Design Manual Valve Remote Control 
Systems. 20 pp.;Stow Manufacturing 
Co., Binghamton, N. Y. 


Threaded Stainless-Steel Fittings and 
Valves. 18 pp.; Cherry-Burrell Corp., 
Cedar Rapids, Ia. 


Electric-Cand Pumps. 4 pp.; Allis- 
Chalmers, Industrial Equipment Div., 
Milwaukee 1, Wis. 


Control Valves. 60 pp.; Fisher Gov- 
ernor Co., Marshalltown, Ia. 


New Standards in Rubber Seat Butter- 
4 pp.; Henry Pratt Co., 
319 W. Van Buren St., Chicago 7, Ill. 


Radioactivity Demonstrator. 16 pp.; 
Central Scientific Co.; Cenco Instru- 


| ments Corp., 1700 Irving Park Rd., 


Chicago 13, Il. 


Digital Data-Recording and Alarm- 
Scanning System Brochure. 8 pp.; 
Monitor Systems, Inc., Industrial Park, 
Fort Washington, Pa. 


Film Reader—Converts Photographic 
Data to Digital Form. 12 pp.; Itek 
Laboratories, Lexington 73, Mass. 


Thermocouple Assemblies. 42 pp.; 
Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div., Philadelphia 
44, Pa. 


High-Sensitivity Liquid Density 
Gauges. 6 pp.; Nuclear-Chicago 
333 E. Howard Ave., Des 
Plaines, Il. 


Transistorized Annunciator Systems. 
12 pp.; Rochester Instrument Systems, 
Inec., 275 N. Union St., Rochester 5, 
Ps Ee 





NUCLEAR 


FUEL e MODERATING e CONTROL 


MATERIALS 


NUMEC offers high purity URANIUM, 
THORIUM, and PLUTONIUM bearing 
fuel materials in powder form or as 
finished pellets, spheres, plates, rings 


and cylinders. 


Other NUMEC fuel materials include 
coated fuel particles, special alloys, 
fuel dispersions and experimental 


fuel elements. 


A variety of control and moderating 
materials, dispersions and elements 


are also available. 


FOR NUCLEAR MATERIALS 


(grams to tons) 


CALL 


NUMEC 


Nuclear Materials & Equipment Corporation 
Apollo, Pa Phone: GRover 2.8411 


Cable: NUMEC TWX: APO-276 
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Walter F. O'Connell has been elected 
president and board chairman of United 
Nuclear Corp. Formerly a United Nu- 
clear board member and chairman of 
its executive committee, he succeeds 
William C. Foster who has been ap- 
pointed director of the newly-created 
U. S. Arms Control and Disarmament 
Agency 


Union Carbide Corp. has appointed 
Clarence E. Larson, who had been 
UCC’s associate manager for research 
since 1959, a vice-president of Union 
Carbide Nuclear Co. and general man- 
ager for all operations at AEC’s Oak 
complex, including the 
Laboratory and production plants. 


George C. Dacey, formerly director of 
solid state electronics research at Bell 
Telephone Laboratories in Murray Hill, 
N. J., has been appointed vice presi- 
dent-research at Sandia Corp., prime 
AEC contractor for nuclear weapons 
design and testing. 


Wayne D. Stinnett, design engineer 
formerly managing the Special Projects 
Division at Aerojet-General Corp.’s 
liquid rocket plant in Azusa, Cal., has 
been appointed AGC’s NERVA (Nu- 
clear Engine for Rocket Vehicle Appli- 
cation) technical 
His responsibility will include integra- 
tion of the reactor into the engine, 
engine design and design and develop- 
ment of ground support 
-quipment. 


program manager. 


associated 


Allis-Chalmers Manufacturing Co. has 
announced three nuclear appointments. 
C. R. Braun, who had been manager of 
A-C’s Nuclear Power Department- 

Wis.), has been named man- 
marketing the Atomic 
Succeeding him as 


Greendale 
ager of for 
Energy Division. 
Nuclear Power Department manager 
is C. B. Graham, who moved up from 
chief engineer of the department. 
M, R. Beebe, formerly health physicist 
at Republic Aviation Corp. and Brook- 
haven National Laboratory, has been 
appointed supervisor of health physics. 
He will be responsible for corporate 
radiation and nuclear safety. 


L. C. Widdoes, formerly president of 
Internuclear Co., a subsidiary of Petro- 
lite Corp., has been named director of 


research for Petrolite. He will direct 


research programs for all Petrolite divi- 
He 
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sions and subsidiaries. was suc- 


ceeded at Internuclear by Carl F. Leyse, 
appointed general manager (NU, Oct. 
’61, 88). 


George J. Stathakis, formerly man- 
ager of overseas-power reactor applica- 
tions for General Electric’s Atomic 
Power Equipment Department, has 
been appointed manager of Interna- 
tional General Electric’s Atomic Prod- 
uct Sales Section. In other IGE 
moves, Robert S. Meltzer of Atomic 
Sales has been assigned to the Power 
Equipment Department’s overseas 
ppl: component, and Jack 
Williams, also of the Atomic Power 
L+:viipment Department, has been as- 
sign«l to IGE Atomic Sales. 


hut 8 


David Saxe has joined Atomics Inter- 
national as manager of administration. 





The former deputy manager of AEC’s 
Chicago Operations Office will be re- 
sponsible for contract administration, 
and for the Financial and Material | 
Departments. 
The naming of F. R. Bruce of Oak Ridge | 
National Laboratory as assistant | 
deputy director of the lab was one of | 
several recent AEC appointments. 
Others: W. H. Pennington, as assistant 
manager for technical operations in the 
Commission’s New York Operations 
Office; Milton A. Rex, as assistant 
manager for field operations in the new 
Las Vegas Office of Field Operations; 
and James E. Reeves, who had been 
assistant to the manager of the Albu- 
querque Operations Office, to head the 
new Las Vegas Office, which is expected 
to complete merger with the former 
Las Vegas area office in about six 
months. 


Morton |. Goldman, nuclear-installa- 
tions consultant, has joined Nuclear 





Utilities Services, Inc., Washington, 
D. C., to work on radioactive waste | 
disposal and reactor environmental | 
safeguards . . . E. R. Johnson has been | 
named sales manager, Nuclear Mate- 
rials, for the Davison Chemical Divi- 
sion of W. R. Grace & Co. . . . Jerome 
1. Cohn has been appointed sales-engi- 
neering director of Radiation Materials, 
Inc. . . . Robert C. Fraser has been 
appointed sales manager of Controls 
For Radiation, Inc. 


Correction: Boone M. Bowen was in- 
correctly referred to in our October 
issue (pg 90) as Boone Dawson. 





INSTRUMENTS TO MEASURE 
LINEAR DIMENSIONAL CHANGES 


Instrument shown measures specimens 2” to 12” 
long. Total range 0.040", reading to 0.00001". Has 
relay lenses for 8’ working distance. Adjustment 
in 3 axes. Mounted on lathe bed type woys for use 
with multiple specimen setups. This instrument is 
representative of a line especially suited to meas- 
vrements at high temperatures. 


For help with your 
precision measuring 
problems, call on 
Gaertner experience 


Your measuring problems may very 
well be nicely solved with optical 
instrumentation. Gaertner Scientific 
Corporation can probably recom- 
mend a standard or modified instru- 
ment to meet your particular needs. 
If necessary, we are fully equipped to 
design and build special instrumen- 
tation. 


Gaertner has designed and built 
precision, scientific, optical and 
measuring instruments for over 60 
years. Write or phone, and put this 
experience to work for you. 


1257 Wrightwood Ave., Chicago 14, Ill. © BU 1-5335 





all 
CSCPUMLGTOGS 


These portable battery-operated instruments are from the 

Ekco range of radiation monitors that are providing accurate, 

reliable radiation measurement in the nuclear field. 

They have been thoroughly proven in competitive evaluating 

tests by leading government agencies and institutions. 

EKCO TYPE N555 RADIATION MONITOR 

This ionisation-chamber type radiation monitor provides rapid, 

accurate measurement of gamma and high-energy X-ray 

dose-rate. A shuttered sealed window will pass B-particles of 

energy greater than 250 KeV. 

THREE RANGES: 0-1,500 mr/hr, 0-150 mr/hr, 0-15 mr/hr. 

ENERGY DEPENDENCE (Gamma)—Within 2.5% between 

350 K3V and 3 MeV. 

EKCO TYPE N5S78B SLOW NEUTRON SURVEY METER 

The N578B is for the measurement of the dose-rate from slow 

neutrons in the energy range from 0.025eV to 30eV approx. 

THREE RANGES: 0-3 mrem/hr, 0-30 mrem/hr, 0-300 mrem/hr. 

EKCO TYPE NS96B RADIATION MONITOR 

lonisation chamber instrument, designed to give equal response 

to beta and gamma rays and calibrated in millirads/hour for 

beta and gamma. This instrument CANNOT FOLD-BACK IN A VERY 

HIGH GAMMA FLUX. RANGES: 0-3 mrad/hr, 0-30 mrad/hr, 

0-300 mrad/hr. Integrating range 0-30 mrad with a time constant of 

15 hrs. Energy Range for Measurement of 10% Accuracy: 
‘Gamma and X-ray 3 MeV to 10 KeV. 

Beta 3 MeV to 500 KeV 


Southend-on-Sea, England. 
_In. U.S.A, contact associate company: 


American Tradair Corporation, 34-01 30th Street, 


Long Island City 6, New York. 





| International Atomic Energy Agency 
| Dec. 11-15—Technical Seminar on Agri- 
cultural and Public Health Aspects of 
Radioactive Contamination in Nor- 
| mal and Emergency Situations, The 
Hague, Netherlands. 


| Jan. 9-12—5th International Symposium 
| on Radioactive Isotopes in Clinical 
Medicine and Research, Bad Gastein, 
| Austria. 





|Dec. 3-7—Annual Meeting, American 

| Institute of Chemical Engineers, Hotel 
Commodore, New York City, will in- 
clude full-day session on processing for 
spent reactor fuels and radiation. 
Contact: A. V. Caselli, Technical Pro- 
gram Chairman, c/o Shell Chemical 
Corp., 50 W. 50th St., New York 20, 
ee se 


Dec. 4-14—Advanced training course, 

| ‘Modern Techniques in Activation 

Analysis,’’ will be followed Dec. 15--16 

by the 1961 International Conference 
on Modern Trends in Activation 
Analysis, jointly sponsored by IAEA, 
AEC and Texas A&M College, at 
Texas A&M, College Station, Texas. 
Contact: Richard E. Wainerdi, Head, 
Activation Analysis Research Labora- 
tory, Texas A&M College, College 
Station, Texas. 


Jan. 8-19—Course on ‘‘Medical Aspects 
of Radiological Health,’’ offered by 
the U. S. Public Health Service’s 
Division of Radiological Health at its 
Rockville, Md., laboratory. Contact: 
Chief, Training Program, Robert A 
Taft Sanitary Engineering Center, 

| 4676 Columbia Parkway, Cincinnati 
26, Ohio, or any PHS Regional Office. 


Jan. 15—Final registration date (at nor- 
mal fee) and date for submission of 
abstracts for Second International 
Congress of Radiation Research to be 
held at Harrogate, Yorkshire, Great 
Britain, Avg. 5-11. Contact: Dr. 
| Alma Howard, Secretary-General, 
Mount Vernon Hospital, Northwood, 
| Middlesex, England. 
| Feb. 15-17—Golden Gate Metals Con- 
ference, Fairmont Hotel, San Fran- 
cisco, will be featured by sessions on 
materials for space and nuclear appli- 
cations. Contact: Norman McLeod, 
Office of the Secretary, 1605 Solano 
Av., Berkeley 7, Calif. 


Feb. 24—ANS topical meeting, sponsored 
by the Pittsburgh Local Section, will 
consider role of computers in nuclear 
power plants. Contact: George Wed- 


| 
| 
| 
| 
| 


Westinghouse Electric Corp., APD, 
Box, 1468, Pittsburgh 30, Pa. 
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| dell, Pittsburgh ANS Chairman, c/o 








EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment static spring 


opportunities — executive, management, technical, selling, 


NATIONAL office, skilled, manval, etc. SEALS 


Positions Vacant Selling Opportunities 


COVERAGE / ron'Time wort, t ... crm niid Minch tad 
ite’ imtoo Employment Services . U y 


Wanted labor Bureaus Engineer’s Book 
DISPLAYED = RATES——— UNDISPLAYED 


The advertising rate is $25.33 per inch for $2.10 per line, minimum 3 lines. To figure 
all advertising appearing on other than a advance payment count 5 average words as 
contract basis. Contract rates quoted on a line. 
request mbe H 

An advertising inch is measured }” vertically Bex nN ogg es f line. ‘ 
on column 3 columns 50 inches to Discount of 10% if full payment is made in 
a page advance for 4 consecutive insertions. 

Subject to Agency Commission. Not subject to Agency Commission. 


Send NEW ADS to NUCLEONICS, P. O. Box 12, N. Y. 36, N. Y., for 
January issue closing November 27th. 











AMMUDIGG , 
R A D I A Tl 0 N | Sealing problems multiply for missile men 


as they probe further into the reaim of ex- 
treme pressures and temperatures encoun- 


C 4 f M tered at aero-space frontiers. By solving these 

} critical problems in missile, aircraft, and 

| nuclear applications, eye is helping to 

write new chapters in the annals of advancing 

O re yo High Vempessaure _—_ 

nina for i ; produc y Hydrodyne answer the need for 

pening for young B.S. or M.S. Chemist preferably with course work or | OSE Gat Gasletinal cetlotiy tn toompensture 

° . = . ’ . extremes from —420° to +2000°F. Precision- 

experience in radiation or photochemistry, to explore applications of ||| machined from nickel alloys and other tem- 

pea a eg — ae seals are 

iati i : . : esign ‘or st distribution of stresses in 
radiation in petroleum and chemical processes. Excellent opportunity in | a given application and environment. 


experimental research to learn new concepts and techniques. @ For fuel pumps, com- 
pressor units, turbine 
starters 
~ on cone or a 
° ° ° ° na s 
Location in the Princeton, N. J. area. Attractive employee benefit plans. © tn miccies ond high 
performance aircraft 


Educational assistance program. Qualified applicants will receive con- 


sideration regardless of race, creed, color, or national origin. some footnotes 


MACHINED BELLOWS 


Write to: Dr. R. W. Schiessler Proven precision 
machining process 


Manager, Central Research Division neibtvell qeawes 
H ; absolute structural 

Socony Mobil Oil Company, Inc. innearity, eleninetes 

Box 1025, Princeton, New Jersey failures from metal 

fatigue through as 

many as 1,000,000 
cycles. Controlled-waill- 
thickness technique 
concentrates strength 
at stress points. 
Machined bellows are 
custom designed in 


SENIOR NUCLEAR ELECTRONICS DESIGNER §— || "esettsziten’ 
































extremes. 


Leading company in the nuclear instrument field has exceptional long- SS A 
term opportunity for Senior Electronics Designer. Will have project ROTARY FACE SEAL 


management responsibility for development of transistorized multi-chan- All-metal bellows of 


nel analyzers and related instruments. Selection will be based on edu- 4 ~~ a= A oon 
cation and proved creative performance in the nuclear or computer fields. manne nap 
carbons, alloys, 
ceramics, other 
materials for specific 
environments: 
| Ewer: 100 
y to : 
NUCLEAR-CHICAGO CORPORATION Bal. speeds to 
333 East Howard Avenue—Des Plaines, Illinois oe 
SEC 
Telephone: VAnderbilt 7-4456 (Extensions 304 & 305) 


HYDRODYNE CORPORATION 
Subsidiary of Donaldson Company, Inc. 
7350 Coldwater Canyon Avenue, 
North Hollywood, California 


Reply in confidence to 
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EMPLOYMENT OPPORTUNITIES 


Immediate positions are available tc qualified 
applicants having experience in the areas of: 


® AUTOMATIC MACHINERY 


AMF ATOMICS e cale sane EQUIPMENT 


Has Immediate Need for ® PROJECT ENGINEERING 


Engineers & Scientists At All Levels © HYDRAULICS, FLUID FLOW 
®@ PHYSICS 


Planned expansion at AMF Atomics, a division of ® NUCLEAR ENGINEERING 
American Machine & Foundry Company, has created ® LIQUID METALS 
career opportunities for engineers and scientists. New 
Nuclear experience is not essential in all these 


applications of atomic energy have opened up a vast “ — 
PP 8Y P P positions. Our Division is recognized as a world 


new field of diversified assignments requiring initiative leader in the fields of Nuclear Reactors and the 
anit’ ie bas bait a development of complex mechanical and elec- 
and imagination at protessional! levels. tro-mechanical equipment. 


Please send resume to J. J. Prindeville 
Personnel Department 


AMF ATOMICS 


A Division of American Machine & Foundry Company 
140 Greenwich Avenue—Greenwich, Connecticut 
An Equal Opportunity Employer 


GROWTH BY DESIGN AND PERFORMANCE 





FOR INFORMATION 


About Classified Advertising 


Contact The McGraw-Hill 
Office Nearest You 


ATLANTA, 9 
1375 Peachtree St. N. E, TRinity 5-0523 
D. HICKS 
BOSTON, 16 
Copley Square COngress 2-1160 
M. SHOUVLIN 
CHICAGO, 11 
645 No. Michigan Ave. MOhowk 4-5800 
W. J. HIGGENS - W. SONZSKI 
CLEVELAND, 13 
1164 Illuminating Bidg. SUperior 1-7000 
LC. HILL 
DALLAS, 2 
1712 Commerce St., Vaughn Bidg 
Riverside 7-9721 
J. GRANT 
DENVER, 2 
1700 Broadwoy, Tower Bidg. Alpine 5-2981 
J. PATTEN 
DETROIT, 26 
856 Penobscot Bidg. WOodward 2-1793 
WM. H, GINDER, JR, 
HOUSTON, 25 
Prudential Bidg., Room W-724 


CRITICAL ASSEMBLY RESEARCH Holcombe Bids sawp A 1281 
THEORETICAL ANALYSIS OF hs W. oth St sii a tidal 
CORE AND SHIELDING PROBLEMS Sel ic ag RO 


500 Fifth Ave. OXford 5-5959 


NUCLEAR REACTOR EXPERIMENTATION H. T. BUCHANAN—R. P. LAWLESS 


T. W. BENDER-P. BOND 
PHILADELPHIA, 3 
Six Penn Center Plaza LO 8-4330 
Positions available immediately for qualified personnel W. B. SULLIVAN 
at the Battelle Nuclear Research Center. Ideal working PITTSBURGH, 22 


and living conditions with outstanding benefits program 4 Gateway Center EXpress 1-1314 
ST. LOUIS, 3 
775\ Carondelet Ave. PArkview 5-7285 


SAN FRANCISCO, 11 
BATTELLE MEMORIAL INSTITUTE | 255 California St. DOuglos 2-4600 


J. A. HARTLEY 
505 King Avenue, Columbus 1, Ohio 


Send resume and salary requirements to Les Hill, 
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EMPLOYMENT OPPORTUNITIES 





for 
POSITIONS 
in the 
NUCLEAR 
FIELD... 


WRITE US FiIRSTI 
Use Our Application 
No Resume Required 


Our national coverage and 
technical experience in 
the nuclear field offers 
the maximum opportunity 
to achieve your goals. 
Confidential Handling 
Employer Pays Fee 


Write: Arthur L. Krasnow 


ATOMIC PERSONNEL, INC. 


1518 Wainut St. « Phila. 2, Pa. « PE 5-4908 
An Employment Agency for the Nuclear Field 











PROFESSIONAL 
SERVICES 


com 
eT | 





ASTRA, INC. 


Consultants For Industry & Government 
Nuclear: Nuclear Analysis, Reactor Specifica- 
tions & Design, Shielding, Health Physics, Crit- 
icality Hazards Studies. . 

Space: Radiation Effects, Propulsion, Satellite 
Power Plants, Planetary Simulators 

Advanced Technology: Heat Transfer, Stress 
Analysis Thermodynamics, Electronic Data 
Processing, Cryogenics 

Raleigh N. C. VAnce 8-4386 Cable: ‘‘ASTRA" 











LEGAL NOTICE 


STATEMENT REQU IRED BY “THE ‘ACT OF 
24, 1912, AS AMENDED BY THE 
> "MARCH 3, 1933, JULY 2, 1946 
D JUNE 11, 1960 (74 STAT. 208) 
SHOWING THE OWNERSHIP, 
MANAGEMENT, AND 
CIRCULATION 
Of NU CLEONICS panne monthly at York, 
“ee for October 1, 1 


The names and cekieue’ of the publisher, | 


edison. managing editor, and business manager are: 
Published by McGraw-Hill Publishing Company, Inc., 
330 West 42nd St., New York 36, N. Y.; Editor, 
Jerome D. Luntz, 330 West 42nd St., New York 
36, N. Y¥.; Managing Editor, R. Hobart Ellis, Jr., 
330 West 42nd St., New York 36, N. Y.; Business 
Manager, James_ 
New York 36, 


2 





| 
| 


F. O’Brien, 330 West 42nd St., | 
Y | 
The > _McGraw-Hill Publishing Com- | 


pany, Inc., 3 42nd St., New York 36, | 


N. Y. Stockholders holding 1% or more of stock | 
are: Donald C. McGraw, Elizabeth McGraw Web- 
ster, Donald C. McGraw, Jr. & Harold W. McGraw, 
Jr., Trustees under Indenture of Trust m/b James H. 
McGraw, dated 1/14/21 as modified; mald C, 
McGraw & Harold W. McGraw, Trustees under an 
Indenture of Trust m/b James H. McGraw, dated 

as amended; Donald C. McGraw, individ- 

Estate of Mildred W. McGraw, Donald C. 


and Catharine McGraw Rock, Executors; | 


(all a 330 West 42nd Street, New York 36, N. 
Grace W. Mehren, 536 Arenas St., LaJolla, Cali- 
fornia; Douglass & Co., 140 Broadway, New York, 
N. Y¥., Touchstone & Co., c/o Wellington Fund, 
Inc., Claymont, Delaware. 

3. The known bondholders, mortgagees, and other 
security holders owning, or holding 1 percent or 
more of total amount of bonds, mortgages, or 
other securities ar¢ None. 

4. Paragraphs 2 and 3 include, in cases where 
the stockholder or security holder appears upon 
the books of the company as trustee or in any 
other fiduciary relation, the name of the person or 
corporation for whom such trustee is acting; also 
the statements in the tWo paragraphs show the 
affiant’s full knowledge and belief as to the circum- 
stances and conditions under which stockholders 
and security holders who do not appear upon the 
books of the company as trustees, hold stock and 
securities in a capacity other than that of a bona 
fide owner 

5. The average number of copies of each issue 
of this publication sold or distributed, through the 
mails or otherwise, to paid subscribers during the 
12 months preceding the date shown above was: 
20,054 
McGRAW-HILL PUBLISHING COMPANY, INC. 

By John J. Cooke. Vice President & Secretary 

Sworn to and subscribed before me this 18th day 
of September, 1961. 

(SEAL) JANET A. HARTWICK. 
(My Commission expires March "30, 1963) 
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of special 

interest to 

BRITISH SCIENTISTS 
at present 

living in the 


you may be 
unaware 

of the many 
rewarding 
opportunities 


Britain offers to 


IN 


Scientists and 


VA 


Engineers 


RESEARCH FELLOWSHIPS and PERMANENT APPOINTMENTS 


are offered by the United Kingdom Atomic Energy Authority or the 
Civil Service.To facilitate interviews and an easy exchange of information, 


A PANEL OF SCIENTISTS will be coming to Washington, Chicago, 


San Francisco and New York between March and May 1962. 


If you would like to meet them, write by 31st January 1962 to: 
DR. H. T. HOOKWAY, (441) UNITED KINGDOM SCIENTIFIC MISSION, 
1907 K Street N.W., Washington 6, D.C. 


Issued jointly by the Civil Service Commission 
and the United Kingdom Atomic Energy Authority. 








EMPLOYMENT OPPORTUNITIES 


ALCO-pioneer in nuclear 
power engineering 


wants you for 7 


Challenging 


aes 


=~ 
cs 
bs 


Projects 


Alco has designed and built three nuclear power plants, and participated in the design or manufacture of 
practically every U.S. reactor system. From design to operation, Alco is providing integrated services for 
numerous reactor systems and offers unequaled opportunity to engineers and scientists interested in chal- 


lenging positions. 


JUNIOR & SENIOR OPENINGS FOR 


EXPERIMENTAL NUCLEAR ENGINEERS 
ANALYTICAL NUCLEAR ENGINEERS 
METALLURGISTS (NUCLEAR POWER PLANT) 
CHEMISTS OR RADIOCHEMISTS 

DESIGN ENGINEERS 

ENGINEERING PROGRAMMERS 


MECHANICAL DEVELOPMENT ENGINEERS 
INSTRUMENTATION & CONTROL ENGINEERS 
NUCLEAR CHEMICAL ENGINEERS 

WWUCLEAR ENGINEERS (SENIOR POSITIONS) 
MECHANICAL ENGINEERS 

bROJECT ENGINEERS 


REACTOR PHYSICS & NUCLEAR ¢NGINEERING SPECIALISTS 


Kindly forward resume in confidence, to G. Y. Taylor, Administrative Personnel Services 


‘amy ~ALCO PRODUCTS, INCORPORATED 


SCHENECTADY 5, NEW YORK 


All qualified applicants will receive consideration for employment withowt regard to race, creed, color or national origin. U.S. cit required 
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printed separately for the 1961 volume. We will be happy to send sistorized pulse height analyzers, analoe and 
it to anyone who wants it without charge. Send your request to: Kae etiees cteeiinn Rye 
Readers’ Service Dept., NUCLEONICS, 330 West 42nd Street, New years’ experience in installation and mainte- 


York 36, N. Y. 


WRITE FOR IT—IT’S FREE 


. which has been printed in former December issues will be to, work with electronic engineers in the de- 
oO 


Electronic Instrument Mechanics 


The Oak Ridge National Laboratory 
Operated by 


UNION CARBIDE NUCLEAR COMPANY 
at Oak Ridge, Tennessee 
Has openings for 
Highly skilled electronic instrument mechanics 


velopment, installation and maintenance 
electronic systems. Digital data handling, tran- 


digital computer systems are only a few ex- 


tional training in electronics and at !cast three 


nance of complex electronic systems. 
Excellent Working Conditions 
and Employee Benefit Plans 


All qualified applicants will receive considera- 
tion for employment without regard to race, 
creed, color, or national origin. 

Send detailed resume to: 


Central Employment Office 
UNION CARBIDE NUCLEAR COMPANY 
Post Office Box M 
Oak Ridge, Tennessee 




















RADIATION DETECTION 


OPPORTUNITY FOR CAPABLE PHYSICIST 
Work involves good knowledge of detector physics and familiarity with a senior technician to perform both routine and 


electronics. Permanent position, stimulating work in an informal research 


atmosphere. 


POSITION VACANT 


Health Physics Technician—Immediate opening for 


non-routine industrial hygiene, general safety and 
radiation protection activities associated with the 
operation of a 5 MW research reactor, hot cells, 


Salary approximates industrial scale. Benefits include approximately 50% and radioisotope laboratories. One to three years of 
of the time for basic research, 4 weeks paid vacation and generous retire- technical training and a minimum of two to three 


ment plan. 


years experience required, Resume should be sub- 
mitted to: Dr. Edward L. Alexander, Manager, 


ules te PRINCETON UNIVERSITY Radiological Sciences, Columbia University, c/o 
Industria! Reactor Laboratories, Inc., Plainsboro, 


P.O. Box 682, Princeton, New Jersey New Jersey. 


Art Allen 
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A Third Space Agency 


More than five years ago—when rew people were excited about outer space—the Atomic Energy 
Commission (with the encourage)ent of the Air Force) quietly inaugurated work on the nuclear 
rocket, on systems for nuclear au ciliary power and on reactor systems for electrical propulsion. 
This was a classic demonstration of foresight and leadership on the future for nuclear energy in 
space. 


Five years later, however—when space excitement is general and many are recognizing that 
nuclear power will be vital to the U. 8. space program in many ways-—there is an untimely lack 
of nuclear-space vitality at AEC except in the Presidentially-blessed nuclear-rocket program. 
As recently re-emphasized by AEC Chairman Glenn T. Seaborg’s statement that “space and the 
atom . . . were made for each «ther,’’ AEC’s interest in developing space-power systems for 
satellite, auxiliary and electrical-propulsion uses goes undiminished. But, though its interest 
is at high tide, its leadership has ebbed. 


Why? We think it’s because the demand for nuclear power devices—both reactor and 
radionuclide types—is moving faster than AEC’s rate of development. The U. 8. space pro- 
gram has caught fire. But at A}i}C—in too many ways—it is business as usual on development 
of the power supplies that could and should be used in many space missions. What has hap- 
pened? In our opinion, the traditional AEC “requirement for a requirement’’ has been 
antiquated by the accelerating development of large rocket boosters, satellites of various types, 
and electrical-propulsion engines. It is obvious to many at AEC and in the nuclear industry 
that anyone who wants to run a communications satellite for five years or more will need radio- 
nuclide or reactor power supplies (Seaborg, in his Oct. 24 speech at Las Vegas: ‘“‘There are now 
more than 20 defined national space missions which could use [the type of radioisotope generator 
used in Transit IV-A]’’). The same is true, in an even more crucial sense, for electrical propul- 
sion (again Chairman Seaborg: ‘For deep space missions . . . electrical propulsion seems 
necessary, and it apparently car, be achieved only with nuclear-reactor power sources.’’). 


It is clear that the importance of nuclear power to this country’s space activities is rapidly 
pushing AEC into the role of a third, unofficial space agency. But, unlike the two official space 
agencies—N ASA and the Defense Department—there is little power at AEC to initiate, because 
of its dependency on formal development requirements from these agencies and because the 
Administration has failed to re-ognize that the investment in nuclear power supplies has not 
kept pace with their speedily unfolding importance. Thus, the pace of space-nuclear-power 
development is set—not by AF;C—but by agencies whose nuclear capability and interest are 
limited and where prejudices against things nuclear still run high. 


As a result, many space missiyns over the next several years will suffer because of inadequate 
power supplies. 


We urge that the following styps be taken, as quickly as possible, by AEC and the Kennedy 
Administration: 


1. By AEC, a step it can take internally to underscore the importance it attaches to its 
nuclear-space responsibilities: the upgrading in rank of the managers of its space projects. 
Nothing less than men of top my»nagerial calibre and fighting qualities should be acceptable and 
they should be given appropria‘e stature. 


2. Again by AEC, the aband«,nment of the obsolete insistence on a development requirement 
from NASA and/or the AF; anq a decision to embark on an aggressive program of space-power- 
supply development. 


3. By the Administration, formal recognition of AEC as a third space agency and a mandate 
to AEC to meet the space-powyr needs it knows will arise as the accelerating space program 
matures. 


Despite the opportunity presynted by a rare display of initiative way back in the Lewis L. 
Strauss tenure at AEC, this couatry again faces the prospect of having too little—too late—in 
space. 
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Digital Dynamics, Inc. 


MODEL 121 ARDA SERIES 


© Fully transistorized ¢ For all convent 
scaler functions * Simultaneous digita 


events/unit time and analog output 














¢ Data storage, 30 microseccnds samplir 
dead time during transfer © Presets: 0.01 
seconds to 999 minutes and 1 to 99.9 
counts © Faster than 1 microsecond input 
resolving time * Spectrometer, H. V. and 
eller Mlam olaele}e- lus Muslelel Vi C-t-We) oh dolar] 


PRICE: From $2700 


R.E.A.C. 


MODEL H-585 SCRAM 
Self Contcined RAdiation M 
¢ Personnel protection © Provides 
Tat) ¢-lahe-lal-telet-mmr-\¥ lel] oll -Milaleilor-t (ela Mmel me Loli: halela re ving time © Input—ax 
exposure * Completely self-contained wit! T : 
long battery life ¢ Pocket size. 6” long eter Uae) ides fast dis 
4" diameter @ Available in two mode!s 
SCRAM | responds to background levels 


FYare M-lolon-bie] @1, 0-0. Liat] ole tale | Melal Nar LelenZ 1 puts e P 
pre-set level ¢ Available immediately FYelel-Melayd-licltt-lalthilela in Olt 
from stock 3 independent fast- 
PRICES—SCRAM |...$79.95 r ant n 
SCRAM II... $95.00 PRICE—Ma 
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®@ NUCLEAR INDUSTRIES INC 


ATLANTA. BOSTON 4 


for all types of nucleon tustrumentation 
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Nuclear Research Analyzers 
Multidimensional, Multichannel, ‘*M”’ Series 400 and 800 Channels, 100-Channel Pulse 
Height, and Automatic Scanning Spectrometer. 


Counting Systems 
Research Systems for usy in laboratories and for experimentation, Educational Systems 
for schools, hospitals, universities 


Monitoring Systems 
Remote Area, Air Particulate, Gas, Water and Neutron Monitors. Victoreen monitoring 
is perfected, proven id preferred by all major users. 


Health Physics Instruments 

The most complete line of Health Physics instruments offered by any manufacturer. 
Includes Geiger-Scintillation Survey Meters, G-M and Scintillation Probes, Pulsed 
Geiger Tube and Ionization Chamber Survey Meters, Direct and Indirect Reading 
Dosimeters, Charger-Readers, Stray Radiation Chambers. 


Micromicroammeter:-Voltmeters 
In addition to several }ypes of Micromicroammeters-Voltmeters, Victoreen will soon 


offer a new Dynamic Capacitor Electrometer. 


X-Ray Measurement 
Victoreen X-Ray Measyring Instruments are recognized everywhere as the secondary 
standard. Types includ Condenser r-Meters, Radocons, etc. 


sy 


Write for your copy of Vict 
62. It’s free on request « 
sional or business letterhead 


Service by 
RCA SERVICE COMPANY 


A Division of Radio Corporation of America 


5806 HOUGH AVENUE *« CLEVELAND 3, OHIO 


EXPORT: 240 WEST 17th ST.e NEW YORK 11, NEW YORK 


VICTOREEN— WORLD'S FIRST NUCLEAR COMPANY 
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